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NOTICE TO AUTHORS OF PAPERS 


Manuscripts.—All manuscripts submitted to the 
Editor or presented to the Sections of the Assocta- 
TION should be ready for publication, typewritten 
with double spacing on one side of good quality 
paper 8.5” x 11” in size and with 1” to 1.5” margins. 
In addition to the original typewritten copy, one or 
more carbon copies should be submitted in order 
to facilitate examination by members of the Editorial 
Advisory Board or other referees. Each manuscript 
should be accompanied by an abstract of not more 
than 200 words which includes a summarization of 
conclusions and recommendations. All pages in 
manuscripts, including tables but not figures, should 
be numbered consecutively. Previously published 
and readily accessible procedures which have been 
followed in experimental work should not be made 
a part of the manuscript, but should only be referred 
to by appropriate literature references. 


Form of Presentation.—Titles of manuscripts 
should be kept as short as possible and preferably 
restricted to one line. The name of the laboratory 
in which the work described was done should be 
placed in a footnote at the end of the first page. 
Each manuscript should begin with one or more 
introductory paragraphs indicating the intention 
and meaning of the investigation and the method 
of procedure. The introduction should be followed 
by a report of the essential details of the experi- 
mental work, and a discussion or interpretation 
where necessary. Finally there should be a brief 
summary of conclusions and recommendations. 
Authors may find it helpful to arrange manuscripts 
to conform to the style of presentation as illustrated 
in papers on analogous subjects published in recent 
issues of Tu1s JOURNAL. 

In preparing manuscripts for publication in THis 
JOURNAL, center headings should be avoided as far 
as possible. Side headings followed by a period and 
dash should be indented and run into the part of 
the text to which they apply. Such side headings 
may be used as freely as desired. Literature cita- 
tions should be numbered consecutively in order of 
appearance in the manuscript and should be indi- 
cated by full-sized Arabic numerals enclosed in 
parentheses. If a literature reference is cited more 
than once in a manuscript, subsequent citations 
should be indicated by the first number assigned. 
References to footnotes throughout the text should 
be numbered consecutively by superscript Arabic 
numerals, but such references in each table should 
be designated by superscript lower case letters 
beginning with ‘“a’’ and continuing in natural order. 
Literature citations should be grouped at the end of 
the manuscript under the heading ‘References.”’ 
All bibliographic references should be checked with 
the original publications. The citations should 
be numbered consecutively with full-sized Arabic 
numerals enclosed in parentheses corresponding to 
the numbers used in the text. The names of all 
periodicals cited in the list of references must be ab- 
breviated in accordance with abbreviations given by 
Chemical Abstracts in its ‘List of Periodicals Ab- 
stracted."” The sequence followed in the citations 
must be as follows: 

(1) Doe, J. B., Am. J. Physiol., 79, 289(1927) 

References to books should be in the order given, 
(1) author's surname and initials, (2) title of the 
book, (3) volume, (4) edition, (5) name of publisher, 
(6) place of publication, (7) year of publication, and 
(8) page number. A complete book reference may 
be illustrated as follows: 

(1) Gilman, H., “Organic Chemistry,” Vol. 2, 
2nd ed., John Wiley and Sons, New York, 1943, pp. 

236, 1252 


Arabic numerals must be used to designate all 
definite weights, measurements, percentages, and 
degrees of temperature unless occurring at the be- 
ginning of a sentence, in which case the numeral 
and measurement are spelled out. Periods of time 
should be written in words. Unusual characters 
and Greek letters should be written plainly and 
legibly or should be explained by notes on the 
margin of the page. Fractions should be written 
with a slant line. Standard abbreviations should 
be used whenever weights and measures are stated 
in the metric system, e. g., 10 Gm., 2.5cc., etc. The 
forms to be used are: cc., Kg., Gm., mg., mm., 
cm., and L, 


Figures.—All drawings should be made in India 
ink, preferably on white tracing paper or cloth. 
Original drawings are preferable, but clear, well- 
prepared glossy photographic prints are acceptable. 
The size of illustrations should not exceed the 8.5” x 
11” manuscript size. They should be designed for 
reduction to the width of one column (2.75") or 
full page width (5.5"). Thus, height rather than 


width shoukl be accentuated where possible. 


Numbers and measurements, etc., which are to 
appear on the axes of the drawing should be indi- 
cated in pencil outside the axes, in order that they 
may be set in type. Captions and legends should be 
placed below the diagram (not on it), or, if lengthy, 
collected on a separate typewritten list, identifying 
each by its proper figure number and including 
whatever acknowledgments are necessary. 


Photographs should never be rolled, and paper 
clips should not be used unless guarded by a piece of 
paper folded several times to prevent an indentation 
in the photograph. All drawings and photographs 
should be protected from bending and from the 
chance of having their edges torn while in transit. 
Do not write on the back of a photograph. Any 
indentation in the photograph, however slight, will 
be likely to show as a blemish in the reproduction. 
All figures submitted must be referred to in the text 
of the manuscript, and should be numbered consecu- 
tively with Arabic numerals, e. g., Fig. 1, Fig. 2, etc. 
Kymograph tracings should not be submitted with 
the original experimental legends which are likely 
to have been hastily or carelessly inscribed. Authors 
may find it worth while to employ a professional 
draftsman to make the drawings in proper form for 
reproduction. 


Tables.—Tables should be carefully constructed 
so that the data presented may be understood easily. 
The indiscriminate use of tables should be avoided. 
Tables should be constructed so as to occupy fully a 
single column (2.75") which will take about 40-50 
characters and spaces. Tables which require two 
columns are also acceptable. Interpretative state- 
ments should not be written on the body of a table 
but should be explained in footnotes. Column heads 
should be made as small as possible and standard 
abbreviations should be used liberally. Data which 
may easily be deduced by simple arithmetic from 
data in another column should not be included. All 
tables should be referred to in the text of the manu- 
script. Every table and every column should be 
supplied with an appropriate heading. It is not 
necessary to place tables on separate sheets, and in 
fact it is preferable to intersperse them in the manu- 
script. Tables should be numbered consecutively 
using Roman numerals. The table number and the 
title should be placed in a continuous heading 
above the data presented. The preparation of a 
clear and concise table of data requires much plan- 
ning and infinite care. 
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A Pharmacologic Study of Diphenic Acid 
and Its Sodium Salt* 


By M. W. JORDIN,} T. S. MIYA,? 


and L. D. EDWARDS$§ 


Diphenic acid and sodium diphenate exhibited little or no action when tested for 

local anesthetic, antihistaminic, spasmolytic, and anticonvulsant activity. 

compounds did poe mayer roe sodium pentobarbital-induced hy 
ity 


total volume or aci 
sure in rats. 
than sodium benzoate. 
vealed no apparent alteration 


These 
nosis alter, the pH, 


of unstimulated gastric secretions or affect the blood pres- 
Acute toxicity shows sodium diphenate to be of slightly lesser toxicity 

Histo yy examination of tissues and organs re- 
ue to repeated dosage. 


Antibacterial and antifun- 


gal studies with diphenic acid and sodium diphenate showed no activity with con- 


centrations as high as 20%. 
enhanced urine 


Intraperitoneal injections of sodium diphenate in rats 
ow significantly over controls. 


Practically all of the intraperiton- 


eally injected sodium diphenate is excreted unchanged in the urine, but it is not 
absorbed when administered orally to rats. 


| D pans in each therapeutic classification fre 

quently show some common basic chemical 
structure. It is the hope of the chemist that, by 
the addition of various side chains or combina 
tion of side chains or by somewhat altering the 
basic structure itself, he will find compounds 
better suited for therapeutic use. 

Roberts and Johnson (1), Case and Koft (2), 
Tilford, et al. (3), and Fellows (4) made deriva- 
tives of diphenic acid hoping to find local anes- 
thetic activity. 
standingly successful. 


None have proved to be out- 
Burtner and Cusic (5, 6) 


made a series of diphenic acid derivatives that 


were hoped to be antispasmodic. DeMers and 


* Received April 13, 1956, from the School of Pharmacy 
Purdue University, Lafayette, Ind 

Presented to the Scientific Section, A. Pu A., 
meeting, April, 1956 

+ Present address University of 
Pharmacy, Little Rock, Ark 

¢t Present address University of Nebraska 
Pharmacy, Lincoln 

§ Deceased 


Detroit 
Arkansas School of 


College of 


Jenkins (7) also made several derivatives with 
the hope of obtaining either antispasmodic or 
antihistaminic compounds. Although their work 
has shown promise, the compounds possess a rela- 
tively narrow therapeutic index which limits their 
desirability. 

Since the pharmacology of the basic structure 
of a compound may offer a lead to other thera- 
peutic uses of the drug, one of the objectives of 
this study was to investigate the pharmacologic 
activity of diphenic acid and sodium diphenate. 

The structural formula of diphenic acid ap- 
pears below: 


ae 


a 


COOH COOH 


Diphenic acid has served as the parent com- 
pound from which many derivatives have been 
synthesized with the objective of introducing 
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potential therapeutic agents. A pharmacological 
study of the basic molecule was warranted on the 
premise that any useful properties which might be 
possessed by the parent molecule could be po- 
tentiated by the addition of carefully selected 


side chains. Furthermore, diphenic acid deriva 


tives may release the parent compound in the 


body increasing the importance of an under- 
standing of the pharmacologic and _ toxicologic 
properties of the basic molecule 


EXPERIMENTAL 


The sodium salt employed for these studies was 
made from the acid by reacting it with sodium bi- 
carbonate. 

No local anesthetic activity with concentrations 
ranging from one to ten per cent sodium diphenate 
was observed upon topical application to the rabbit's 
eye or upon intradermal injection into the guinea pig 
back. No irritation of the rabbit eye was noticed 
but slight erythema occurred at the injection site in 
the guinea pig 

Ten per cent sodium diphenate was not anti 
histaminic as tested by the modified method of 
Burkantz and Daurin (8). Doses of sodium di- 
phenate as high as one Gm./Kg. failed to protect 
rats against both minimal and maximal electro- 
shock seizures as tested according to the method 
described by Swinyard (9, 10), nor did it potentiate 
pentobarbital-induced hypnosis or inhibit unstimu- 
lated gastric secretion in the Shay rat (11). 

Rabbit erythrocytes were not hemolyzed by con- 
centrations of sodium diphenate ranging from one to 
twenty per cent; the highest concentrations pro- 
duced the typical effect of a hypertonic solution. 

No spasmolytic effects were noticed on spon- 
taneously contracting guinea pig, mouse, or rat 
Neither induced histamine nor Me- 
cholyl® contractions of guinea pig intestines was 
altered by sodium diphenate. The contractions of 
uterine musculature of the rat and guinea pig were 
also unaltered. 

Acute Toxicity (LD) of Sodium Diphenate and 
Sodium Benzoate in Mice. 
(20-30 Gm.), fasted twelve hours before the test 
with water ad libitum, were used. The LD was 
calculated using the method of DeBeer (12) 

All injections were made via the tail vein. All 
fatalities occurred within a very few minutes after 
the injection. No ‘delayed deaths’’ were observed 
Death appeared to be due to respiratory failure 
The LDy was found to be 1.73 Gm./Kg. (limits of 
error 101% and 99%). The comparative LDw of 
sodium benzoate was 1.43 Gm./Kg. (limits of error 
107% and 94% 

Repeated Dose Toxicity Studies.—The effects of 
repeated doses of sodium diphenate when adminis- 
tered over a period of sixty-eight days were deter- 
mined. The female rats were injected intraperi 
toneally every other day with 1 Gm./Kg. of sodium 
diphenate. Five female rats were injected with a 
corresponding volume of normal saline (0.9%) and 
employed as controls. The weights of the animals 
were recorded every other day at the time of in- 
jection. Erythrocyte, and 


intestines 


Male albino Swiss mice 


leucocyte, eosinophil 
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counts and clotting times were determined through- 
out the test period 

At the end of sixty-eight days the animals were 
sacrificed using chloroform. Histological sections 
were prepared from the liver, kidney, heart, spleen, 
adrenal and pancreas 

The average counts for the blood cells at the end 
of the sixty-eight day period are presented in Table I 


Taste I.—MeaN Btioop Cett Counts AFTER 
DaILy INTRAPERITONEAL INJECTIONS OF 1 GM./KG 
or NA DIPHENATE TO RaTs 


Treated 
Group 
Erythrocytes 8.40 + S 
(millions ) 0.18/mm.' 
Leucocytes 14.09 + 15.87 + 
(thousands) 0.81/mm.* 0.51/mm.* 


Control 
Group 


16+ 
0.25/mm.* 


283.90 + 
1.97/mm.* 


Eosinophils 317.70 + 


3.60/mm.3 


The data which appear in Table I are all within 
the range of normal as given by Farris and Griffith 
(13). The clotting times were also within the 
range of normal. The growth curves were not 
significantly different. 

Histological sections' of the pancreas, kidney, 
heart, and liver of both treated and control groups 
showed no apparent pathology. The cells in the 
cortex of the adrenal glands of the treated rats were 
somewhat swollen over those in the control group, 
and the spleen showed cell changes indicating bone 
marrow involvement. There was an increase in the 
megakaryocytes in the treated group 

The Effects of Sodium Diphenate and Sodium 
Benzoate on the Rat Blood Pressure.—Intravenous 
sodium diphenate in doses of 0.13 to 1.0 Gm./Kg. 
in amytalized rats produced a temporary fall in 
blood pressure with a return to normal within three 
to five minutes. The fall in blood pressure was not 
quantitative. Repeated injections of the drug 
were made (total dose 2.7-4.5 Gm./Kg.) allowing 
six minutes between The blood pressure 
response remained the same with no evidence of 
tachyphylaxis or accumulation. 


The Comparative Bactericidal and Fungicidal 
Action of Sodium Diphenate, Diphenic Acid, Sodium 
Benzoate, and Benzoic Acid.—The following 
method? was employed for this phase: Twenty 
milliliters of Base Agar (Difco) was poured into a 
sterile petri dish and allowed to harden. A sterile 
filter disk (12.7 mm. diameter) was placed on the 
hardened agar. The filter disk previously 
saturated with various concentrations of the sodium 
diphenate and sodium benzoate. Fovr milliliters 
of Penassay Seed Agar ( Difco) was then poured over 
the previously hardened base agar holding the 
saturated filter disk and then incubated for twenty- 
four hours at 37° in an inverted position. The 
organisms were streaked away from the disk. 

Sodium diphenate and sodium benzoate solutions 


dc yes 


was 


' Examined by Prof. L. P 
Department, Purdue University 
* Methods were suggested by Dr. S 


Bacteriology Department 


Doyle, Veterinary Science 
Hartsell 
Purdue University. 


of the 
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were made in 10, 15, 17.5, and 20 per cent strengths. 

To test the acids, ointments were made using 
Aquaphor* ointment as the dispersing agent and 
prepared in 10, 15, 17.5, and 20 per cent strengths 
For testing the ointments the cup method was em- 
ployed 

The following organisms were employed in the 
tests of both the sodium diphenate solutions and 
diphenic acid ointments: Micrococcus pyogenes 
aureus, Escherichia coli, Micrococcus pyogenes albus, 
Salmonella typhosa (Rawlings), Salmonella para- 
typhosa B, Proteus vulgaris, Pseudomonas aeruginosa. 

No inhibition was observed with the sodium di- 
phenate solutions or diphenic acid ointments 
Sodium benzoate and benzoic acid in 15, 17.5, and 
20 per cent concentrations showed a definite in- 
hibition of S. typhosa and to a lesser degree the P. 
vulgaris; also a slight inhibition of the S. para- 
typhosa B with the 17.5 and 20 per cent concentra- 
tions. 

The following molds were tested in the same man- 
ner as employed for the antibacterial tests: Penicil- 
lium notatum, Rhizopus nigricans, —strain, Rhizopus 
nigricans, +strain, Aspergillus niger, Streptomyces 
griseus, Norcardia coelteca. 

All molds were inhibited by the 17.5 and 20 per 
cent benzoic acid ointments and the sodium ben- 
zoate disks. At 15 per cent all the molds were in- 
hibited except the Penicillium notatum. Sodium 
diphenate disks and the diphenic acid ointments 
showed no inhibition at any of the concentrations 
employed. 

The Comparison of Diuretic Activity of Sodium 
Diphenate, Water, and Urea.—Albino rats (150- 
350 Gm.), sex at random, were employed for the 
test. Seven groups of four rats each were injected 
intraperitoneally with 1 Gm./Kg. of sodium 
diphenate and another seven groups of four rats 
each with an equivalent volume of distilled water. 
Both groups received intraperitoneally 25 ml./Kg. 
of saline (0.9%) just prior to the test drug. The 
animals were then housed in cages over an apparatus 
described by Harned, et al. (14), for separating urine 
and feces. 


Taste II.—Urtne ExcretTion Rate or Rats 
INTRAPERITONEALLY ADMINISTERED Soprum Dr- 
PHENATE AND UREA 1.7 M (5 ML./Ko.) 


Per cent of Administered 
Volume Excreted 
‘ 9 


5 12 2 

Drug Hr. Hr 
I Na diphenate 92 119 
urea 70 119 


Group* 


II Na diphenate . 124.6 168.: 
urea 135 184 

IIT Na diphenate 2. 113 147 
urea 42.0 84 121 

IV Na diphenate 9.2 110 127 
urea 31.6 66 108 


@ Four rats per group per drug in paired experiments 


The volume of urine excreted was measured at 
six, twelve, and twenty-four hours. The total vol- 


* Aquaphor ointment manufactured by Duke Company. 
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ume of urine excreted was compared to the combined 
volume of drug and saline injected and expressed 
as a per cent. The per cent values for water 
(controls) at the six, twelve, and twenty-four hour 
intervals was 52.02%, 93.47%, and 125.9% re- 
spectively. The values for sodium diphenate were 
85.11%, 122.10%, and 166.8%. 

Urea (1.7 M) and sodium diphenate (1.7 M), 5 
ml./Kg., were also compared in four paired ex- 
periments. Sodium diphenate definitely appears to 
be diuretic. As shown in Table II the diuretic 
response is most pronounced during the first 12 hours 
after administration. 


Metabolism of Sodium Diphenate.—A study to 
determine the route of elimination of sodium di- 
phenate when given intraperitoneally and orally 
was made using a method similar to that of Quick 
(15) to detect the presence of excreted diphenic 
acid. The method was originally used to quanti- 
tatively determine the amount of hippuric acid in 
the urine. 

The apparatus used for collecting and separating 
the urine and feces was one designed by Harned, 
et al. (14). 

When sodium diphenate was given by intra- 
peritoneal injection, it was found that between 57 
to 74 per cent could be recovered in the urine. A 
control experiment where sodium diphenate was 
added to a collected sample of urine showed that 
only 73 per cent of the diphenate could be recovered 
as the diphenic acid by the method employed. The 
feces were also tested but no diphenic acid could 
be recovered from this material 

Sodium diphenate was given orally and the feces 
and urine were collected for seventy-two hours. 
It was found that the majority of the diphenate 
could be recovered in the forty-eight hour collection 
of feces. There was a small amount recovered from 
the sample obtained between forty-eight and seventy- 
two hours. A total of 34.4 to 48.6 per cent of the 
diphenate could be recovered in the feces. In a 
control extraction procedure in which the sodium 
diphenate was added to a collected sample of feces, 
only 52 per cent recovery was obtained. Samples 
of urine tested during the same time intervals failed 
to show the presence of the diphenate 

The method of Riedesel and Hines (16) was then 
employed to attempt a more complete recovery 
of the diphenic acid from the intestinal tract. 

It was found that an average of 55.4 per cent of 
the diphenic acid could be recovered using this 
method. A control extraction showed that 58 
per cent of the diphenic acid could be recovered 


DISCUSSION 


It appears that orally administered sodium di 
phenate is not absorbed. Since practically all of 
injected sodium diphenate can be recovered in the 
urine and none appeared in the urine after oral 
administration it may be assumed that absorption 
of this drug from the gastrointestinal tract does not 
take place. 

Within the limits of the tests performed in this 
study, it appears that the diphenic acid molecule 
possesses little pharmacologic activity; therefore, 
derivatives of diphenic acid will probably derive 





JOURNAL OF THE AMERICAN PHARMACEUTICAL 


their action from the side chains or some alteration 
of the parent structure rather than from the di- 
phenic acid molecule itself 

Diphenic acid is comparatively nontoxic, it is non- 
cumulative, it has a minimal effect on blood pres- 
sure, and is ineffective on tissues in general. Ap- 
parently it has a low renal threshold, as indicated by 
rather rapid and complete elimination attended by 
copious amounts of urine, when administered paren- 
terally 

Sodium diphenate is relatively nontoxic when ad- 
ministered to rats either orally or parenterally 
It also appears to have very little, if any, effect 
when administered over an extended period. 

No striking pharmacological 
served in this study 

Sodium diphenate is completely absorbed when 
injected intraperitoneally into rats and practically 
all of it may be recovered in the urine in twelve 
hours. It is not absorbed through the gastro- 
intestinal tract, but when parenterally adminis- 
tered it is completely absorbed and apparently 
as a low renal threshold diuretic 


actions were ob- 


acts 
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Reversible Association of Caffeine and of Some 
Caffeine Homologs in Aqueous Solution* 


By DAVID GUTTMAN and TAKERU HIGUCHI 


Experimental studies involving partitioning between two solvents suggest that 
caffeine undergoes rather marked association in aqueous solution, existing primarily 


as monomer, dimer, and tetramer. 


A graphical method has been utilized to esti- 


mate the association constants for the dimerization and tetramerization equilibria 


in water. 


Similar studies with 7-ethyltheophylline and 7-propyltheophylline indi- 


cate that they also undergo considerable association in aqueous solution forming 


dimeric and tetrameric associated species. 
as the length of the side chain increases. 


The degree of association decreases 
In contrast, 1-ethyltheobromine appears 


to exist in aqueous solution only in monomeric and dimeric forms. 


[ HAS BEEN RECOGNIZED for a number of years 

that caffeine exhibits rather unexpected be- 
havior in its partitioning between water and or- 
ganic Emery and Wright (1) for 
example, have shown that the partition isotherm 
of caffeine in a chloroform-water system is not 
linear. 


solvents. 


The behavior observed appears to credit 
the suggestion of Higuchi and Zuck (2) that 
caffeine The 
of caffeine should not be un- 


associates in aqueous solution. 
“self complexing” 
expected in view of its marked tendency to form 
with a large number of 
organic compounds including structurally simi- 


lar xanthine derivatives (3-6). 


molecular complexes 
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In the present investigation, the distribution 
of caffeine between distilled water and an organic 
solvent has been studied over a full range of 
concentration and at four temperatures. The 
results obtained have been explained on the 
basis of reversible associations in the aqueous 
phase. A graphical method has been employed 
to estimate the association constants for the 
various equilibria encountered. Similar studies 
were also carried out with some homologs of 
caffeine. The results indicate that caffeine 
and some other 1,3,7,-trisubstituted xanthines 
associate to a considerable extent in aqueous solu- 
tion. 


RESULTS AND DISCUSSION 


The experimental results obtained when caffeine 
was partitioned between distilled water and an 
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MOLAR CONCN. OF CAFFEINE 
PHASE 
Fig. 1.—A plot of the partition coefficient of caf- 
feine between water and chloroform 10%: isooctane 
90% (v/v) as defined by the equation P. C. = 
(caffeine )water/(caffeine organic. 
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AQUEOUS PHASE 


Fig. 2.—A schematic representation of the possible 
equilibria involved in the partitioning of caffeine 
between water and an organic solvent. 
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organic solvent composed of chloroform 10% and 
isooctane 90% (v/v) are summarized in Fig. 1. 
Here the partition coefficient, defined as the ratio 
of the caffeine concentration in the water phase to 
the concentration of caffeine in the organic phase, 
is plotted as a function of the caffeine concentration 
in the organic phase. It can be shown (7) that if a 
solute exhibits ideal behavior in each of two liquids 
in contact and in equilibrium, then the partition 
coeflicient is a constant independent of concentra- 
tion. It can be seen from Fig. 1 that the partition 
coefficient of caffeine is markedly dependent on its 
concentration in the system. At 35° for example, 
the partition coefficient is seen to more than double 
in value over the concentration range studied. At 
higher concentrations of caffeine much more solute 
is found in the water layer than would be expected 
from considering the partitioning behavior at lower 
concentrations. This behavior can be explained 
logically on the basis of reversible associations of 
caffeine in the aqueous phase. 





SB 


oy 


P. C./(P. C.)m 











1 i 1 
. 5 re) 5 20 
(caffeine), X 10° 
Fig. 3.—A plot testing the possible occurrence of 
dimers in aqueous solutions of caffeine, at 30° C., 
according to the equation P. C./(P. C.)_ = 1 + 
2K(caffeine),. 


Theoretical considerations.—The following treat- 
ment of the experimental data can be made by 
assuming that although the caffeine present in the 
aqueous phase is composed of monomers and 
polymers of caffeine, only monomeric caffeine is 
distributed between the two solvents. The hypo- 
thetical equilibria involved may schematically be 
represented by Fig. 2 

The partition coefficient has been defined as, 
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P. C. = molar concentration of caffeine in water 

layer /molar concentration of caffeine in organic layer 
(1 


With the hypothesis that caffeine associates in the 
aqueous phase, the partition coefficient 
rewritten as, 


may be 


P. C. = (caffeine), + 2(caffeine)a + 


+ x(caffeine),/(caffeine), (2 


where (caffeine), = the molar concentration of caf- 
feine monomer in the aqueous phase, (caffeine)¢ = 
the molar concentration of caffeine dimer in the 
aqueous phase, (caffeine)x = the molar concentra 
tion of caffeine xmer in the aqueous phase, and 
caffeine), = the molar concentration of caffeine in 
the organic phase 

Assuming that the the mass 
law, we can describe the equilibria in the aqueous 
layer in terms of association constants. The associ 
ition constant for the interaction 2 caffeine mono- 
mer = caffeine dimer is, for example 


K, = (caffeine), 


associations follow 


(caffeine )2, (3 


and the association constant for the general inter 
ction, x caffeine monomer = caffeine xmer is 


K,.; = (caffeine ), /(caffeine )z, 4 


rhe molar concentration of any polymer of caffeine 
can thus be described by the molar concentration 
of monomeric caffeine and the appropriate associ 
g., (caffeine); = Kz—;,(caffeine )%, 
rhe partition coefficient may now be rewritten as 


ation constant, e 


2K, (caffeine )*,, + 
(caffeine )%,| /(caffeine), (5 


= {(caffeine),, + 
+ xk 


2K (caffeine), 


caffeine )*~'} (6 


caffeine caffeine 1 + 


+ xK, 


» of equation 6 de 
distribution of monomeric caffeine be 
tween the two phases. It is the partition coefficient 
of the monomeric species alone and may be evaluated 
by assuming that the experimental curves of Fig. | 
are continuous and extrapolating them to infinitely 
dilute caffeine concentrations where ideal behavior 
would be expected. It is seen from Fig. 1 that 
finite values of the partition coefficient are obtained 
when the experimental curves are extrapolated to 
zero caffeine concentrations. If for simplicity the 


rhe term (caffeine caffeine 


scribes the 


substitution 


caffeine )», /(caffeine = (P.C 


is made, then Eq. 6 can be rearranged to yield 


P.C P. C.)n = 1 + 2K,(caffeine),, + 
vA, ;(caffeine )%, 8) 


Proposed Testing of Assumptions. —Since reversi 
ble associations of the type discussed are markedly 
dependent on the concentration of the associating 
solute, it would be expected that in relatively dilute 
solutions of dimerization would be th« 
As the concentration of caf 

tendency to form higher 
more pro 


caffeine, 
primary equilibrium 
feine is mereased, the 


polymers would be expected to be 


nounced With this consideration, a rather sinplc 


test of the proposed relationships can be made 
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If, at lower concentrations of caffeine, the forma- 
tion of dimers is the primary equilibrium, then, for 
a first approximation, Eq. 8 can be reduced to 

P.C./(P. C.)m = 1 + 2XK;(caffeine),., (9 

Table I and Fig. 3 summarize the results obtained 
when this relationship was tested. Columns 1 and 
2 of Table I respectively list selected concentrations 
of caffeine in the aqueous phase and corresponding 
concentrations in the organic phase, at 30°. Column 
3 lists the caler lated partition coefficients, and column 
4, the ratios of the partition coefficients to the (P.C. )m 
The value of the partition coefficient of the mono 
meric species, (P. C.)m, was found to be 22.4 at 30° 
by extrapolation of the 30° curve of Fig. 1. The 
concentrations of caffeine monomer in the aqueous 
phase are tabulated in column 5. These values were 
calculated from the relationship, (caffeine)m = 
(caffeine ),(P. C.)m. 


TABLE I.—-Type Data USED IN TESTING FOR THE 
DIMERIZATION OF CAFFEINE IN WATER AT 30°C 


Molar 
Concn. of 
Caffeine 
Monomer 

in Aqueous ganic in Aqueous 

Phase X Phase X Phase X 
108 10 ~ - 10! 
2.98 26 2.84 
4.94 99 4.46 
6.96 2.27 ».09 
8.96 3.38 57 
11.0 4.00 
12.9 65 
14.9 21 
16.9 5.76 
21.1 3.85 


Total 
Molar 
Concn. of 
Caffeine 


Molar 
Concn. of 
Caffeine 
in Or 


ho-Be Eo) 


v 


4 
8 
4 
8 


In Fig. 3, the ratio of the actual partition coef- 
ficient to the extrapolated partition coefficient, 
(P. C.)m, has been plotted as a function of the con- 
centration of monomeric caffeine in the aqueous 
The straight line relationship expressed by 
Eq. 9 is found to exist at the lower concentrations 
of caffeine. The curvatures apparent at higher 
concentrations are due to the formation of higher 
polymeric species. The values of K;, the association 
constant for the dimerization equilibrium, can be 
calculated from the slopes of the curves of Fig. 3, 
and are listed for the temperatures studied in Table 
II 

It would be expected that, as the concentration 
of caffeine is increased, higher polymeric species 
would form. This proposition, for example, can 
be tested in a similar manner for if the caffeine 
found in the aqueous phase is primarily present as 
monomer, dimer, and trimer, then Eq. 8 can be 
approximated by 


phase 


P.C./(P. Cn = I 


+ 2K,( caffeine )m 


+ 3XK.(caffeine)?, (10) 


1] /(caffeine ), 
X = 2A, + 3AK-(caffeine),, (11 


rhe linearity expressed by this equation is tested 
in Fig. 4. Here X is plotted as a function of the 
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*t 


T A — 4 i 
(caffeine), X 10° 
Fig. 4.—A plot testing the possible occurrence of 
dimers and trimers in aqueous solutions of caffeine 
at 30° C., according to the equation Y = 2K, + 
3K.(caffeine),,, 











monomeric caffeine concentration in the aqueous 
phase. The expected intercept 2K; agrees quite 
well with the value previously obtained from Fig. 3 
The initial slope, however, appears to be zero, 
indicating that the trimerization tendency is absent 
or too small to be detected by this method. 

By assuming that dimerization and tetrameriza- 
tion are the important equilibria then Eq. 8 can 
be reduced to 


-. See Ge 1 + 2XK;,(caffeine),, 


+ 4K;( caffeine )*,, 


(12) 


1| /(caffeine), = 


X = 2K, + 4A;(caffeine)’,, (13 


Fig. 5 illustrates a plot of this relationship. Here 
X is plotted as a function of the square of the 
monomeric caffeine concentration in the aqueous 
phase. The theoretically expected straight line 
relationship is found to exist. . The intercepts of the 
curves of Fig. 5 agree closely to those values ob 
tained from Fig. 3. The association constants for 
the formation of caffeine tetramers can be obtained 
from the slopes of these curves and are listed for 
the temperatures studied in Table II. The linear 
ity of the plots throughout the complete concentra 
tion range suggests that associations involving more 
than four caffeine molecules are unlikely 

It has tacitly been assumed in this study that caf 
feine does not associate in organic solvents. A pos 
sible verification of this assumption can be made by 
considering the partitioning of caffeine between 
distilled water and organic solvents other than the 
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one employed in the present study. It has been 
found that the partition coefficient of caffeine, at 
30° for example, is described by the equation 


P = (P. C.)m{1 + 23.4(caffeine)» 


+ 7000(caffeine)*,,} (14) 
or equivalently by 


P.C. = (P. C.)n{1 + 23.4(P. C.)n(caffeine), 
+ 7000(P. C.)3,,(caffeine)*,} (15) 


On the basis of this equation it should be possible 
TaBLe II.—AssociIATION CONSTANTS 


DIMERIZATION AND TETRAMERIZATION 
SUBSTITUTED XANTHINES IN AQUEOUS 


FOR THE 
OF SOME 
SOLUTION 

Ki in 
Liter 
Compound Mole™! 
‘affeine 0 26 
‘affeine 20 14 
‘affeine 30 11 
‘affeine 35 9 
-Ethyltheobromine 30 12 
-Ethyltheophylline 30 9 
-Propyltheophylline 30 
7-Butyltheophylline 30 


K; in 
Liter? 
Mole™? 
2580 
1750 
1440 
0 
1180 
889 
** Y 


Tem- 
perature, 


»coOoNN CO 


~1% 
wom 


y 


om, 


* Could not be determined due to low solubility of caffeine 
at this temperature 

+ Could not be determined with accuracy due to the low 
solubility of 7-butyltheophylline 


to predict the 30° partition coefficient of caffeine 
at any concentration of caffeine in the organic 
phase in any water-organic solvent system with a 
knowledge only of (P. C.)m. 

The close agreement between experimental results 








O24 668 0b 4 16 6 20 


(caffeine),.2 X 104 
A plot testing the possible occurrence of 
dimers and tetramers in aqueous solutions of caffeine 


Fig. 5 


2K, + 4K; 


at 30°, according to the equation XY = 
(caffeine )m? 
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and theoretical expectations is illustrated in Fig. 6. 
Here the partition coefficient of caffeine in the 
system water-benzene 30%-iso-octane 70% (v/v) 
is plotted as a function of the caffeine concentration 
in the organic phase. The open circles represent 
experimentally determined values from the data of 
Lachman, Ravin, and Higuchi (8). The solid line 
represents the behavior theoretically expected from 
Eq. 15. In calculating this curve, (P. C.)m was 
determined by extrapolating the experimental 
results to zero caffeine concentration and was found 
to have the value 18.5 











| 1 nS = 


4 i i 
02 8 2 6 20 
MOLAR CONCN. OF CAFFEINE X 10* IN 
ORGANIC PHASE 

Fig. 6.—A plot showing the correlation of experi- 
mental results with the theoretically expected 
behavior in the partitioning of caffeine between 
water and benzene 30%: isooctane 70% (v/v) at 
30°. The circles represent the experimental values 
of Lachman, Ravin, and Higuchi (8). The curve 
represents values calculated from Eq. 15, using 


. 


the value of 18.5 for (P. C.).. 





On the basis of the preceding discussion, it is pos- 
sible to calculate the distribution of caffeine in its 
various forms in aqueous solution. The results of 
such calculations are illustrated in Fig. 7. Here 
the concentration of caffeine as a particular specie 
has been plotted as a function of the total concen- 
tration of caffeine in solution. The concentrations 
of caffeine and tetramers are seen to 
increase as the concentration of caffeine in the sys- 
tem is increased. Near the solubility limit of caf- 
feine in water the caffeine present in dimeric and 


as dimers 
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Fig. 7.—A plot showing the distribution of caffeine 
among its various forms in aqueous solution at 30° C. 


tetrameric forms accounts for a major portion of 
the caffeine in solution 

Studies with Some Caffeine Homologs.—The 
partitioning behavior of some homologs of caffeine 
was also investigated with the view of obtaining an 
insight into possible structural relationships neces- 
sary for this type of association. The compounds 
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MOLAR CONCN. OF XANTHINE 
ORGANIC PHASE 

Fig. 8.—A plot of the partition coefficients of a 

number of xanthines between water and an organic 


solvent at 30°. The organic solvent used for all of 
the studies except that of theophylline was iso-octane. 
In the case of theophylline chloroform 90%: iso- 
octane 10% was used. 1.—1-ethyltheobromine; 
2.—7-ethyltheophylline; 3.—theophylline. 4.—7- 
propyltheophylline; 5.—7-butyltheophylline. 
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Tas_e II].—Puysicat ConsTANTs OF SOME 
SUBSTITUTED XANTHINES 








Molec- 
ular 
Weight 
180.17 
194.1 

208. 


999 


“<<. 


236 . 28 
208 


Melting 
Compound Point* 
Theophylline 
Caffeine 
7-Ethyltheophylline 
7-Propyltheophylline 
7-Butyltheophylline 
1-Ethyltheobromine 


270-274 
238 
156-157 
99-100 
108-109 
167-168 


* All melting points are uncorrected. 


investigated, as well as some of their physical 
properties, are listed in Table III. It is interesting 
to note the effect of relatively minor structural 
changes on the physical properties of these com- 
pounds. The methylation of theophylline to form 
caffeine is seen to result in a marked increase in 
water solubility. This should not be unexpected 
since it is well known that disubstituted amides, for 
example, are generally more soluble than the mono- 
substituted parent compound, the increase in solu- 
bility presumably being due to the loss of the hydro- 
gen capable of intermolecular bonding. The 
marked increase in the water solubility of 1-ethyl- 
theobromine, of 7-ethyltheophylline, and of 7- 
propyltheophylline, over that of caffeine is however 
unusual. The water solubility of 7-propyltheo- 
phylline is for example, approximately eight times 
that of the methyl homolog, caffeine. It would 
appear that increasing the size of the side chain sub- 
stituent from methyl to propyl results in a weaken- 
ing of the intermolecular forces operating in the 
crystal lattice and thus accounting for the increase 
in solubilities and the decrease in the melting points 
of these higher caffeine homologs. The weakening 
of intermolecular bonding forces is also indicated by 
the partition studies since it will be seen that the 
tendency to associate in solution decreases as the 
size of the hydrocarbon side chain is increased. 

The results of partition studies with these com- 
pounds are summarized in Fig. 8. It is seen that 
for all practical purposes the partition coefficient of 
theophylline remains a constant over the concentra- 
tion range studied, indicating the absence of associat- 
ing tendencies. The partition coefficient of 1- 
ethyltheobromine is seen to increase in a linear 
manner with concentration throughout the concen- 
tration range studied indicating dimerization in the 
aqueous phase. The partition coefficient versus 
concentration curves of 7-ethyltheophylline and 7- 
propyltheophylline simulate in a qualitative sense 
the curves obtained with caffeine and thus indicate 
dimerization and tetramerization tendencies. Al- 
though the partition coefficient of 7-butyltheo- 
phylline appears to be constant independent of con- 
centration, closer scrutiny of the data indicates that 
it also associates in aqueous solution. The results, 
however, are inconclusive due to its low water 
solubility. 

The results of graphical testing for the presence 
of the dimerization tendency are shown in Fig. 9. 
The plot here is analogous to that previously de- 
scribed for the case of caffeine. It is seen that all 
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10 5 20 
(XANTHINE), X 10° 
Fig. 9.—A plot, similar to Fig. 3, testing the pos- 
sible occurrence of dimers in aqueous solutions of 
some xanthines at 30°. 1.—1l-ethyltheobromine; 
2.—7-ethyltheophylline; 3.—7-propyltheophylline; 
4.—7-butyltheophylline. 

















1 L 


8 6 
(XANTHINE)? X 104 
Fig. 10.—A plot, similar to Fig. 5, testing the 
possible occurrence of dimers and tetramers in 
aqueous solutions of some xanthines. 1—1-ethyl- 
theobromine; 2.—7-ethyltheophylline; 3.—7- 
propyltheophylline. 
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of the higher homologs of caffeine studied appear 
to dimerize. The values of K,, the association con- 
stant for the dimerization equilibrium, can be cal 
culated from the slopes of the curves and are listed 
in Table Il. It is seen that 1-ethyltheobromine 
dimerizes to a greater extent than the other com 
pounds studied. It is also seen that, in the theo 
phylline series, the tendency to dimerize decreases 
as the length of the side chain substituent increases 

Graphical testing for the presence of tetramers is 
shown in Fig. 10. The results indicate that tetra- 
merization does not occur in solutions of 1-ethyl- 
theobromine but occurs to some extent in solutions 
of 7-ethyltheophylline and 7-propyltheophylline 
The values of A;, the association constant for the 
tetramerization equilibrium, are listed in Fig. 2. It 
is seen that among the theophylline derivatives, the 
tendency to tetramerize also decreases as the side 
chain substituent increases in size 

The results indicate that a substituent larger than 
a methyl group on the N, position of the basic 
xanthine nucleus markedly affects the relative extent 
of association, blocking, as it has been seen, the 
formation of xanthine tetramers. In comparison 
the lengthening of the N; substituent does not result 
in as pronounced an effect but does cause a decrease 
in the degree of dimerization and tetramerization. 
Steric factors are probably involved in both cases 
These suggest that the centers pri 
marily involved in the formation of both dimeric and 
tetrameric species are located in the polar pyrimi 
dine-dione ring of the xanthine. It is not possible, 
however, to elucidate the exact nature of these inter- 
actions by studies of this type. In all probability 
the intermolecular forces responsible for these inter- 
actions are quite similar to those involved in 
molecular complex formation 


observations 


EXPERIMENTAL 


Recrystallized theophylline U. S. P.; 
S. P.; 7-ethyltheophylline, 


Reagents. 
recrystallized caffeine U 
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7-propyltheophylline, 7-butyltheophylline all syn- 
thesized according to the method of Schwabe (9); 
l-ethyltheobromine, synthesized according to the 
method of Biltz (10); reagent grade chloroform; re- 
distilled 2,2,4-trimethyl pentane 

Partition Studies.—Varying volumes of a stock 
solution of the xanthine were buretted into a series 
of ground-glass stoppered 125-cc. bottles. Distilled 
water was added to each bottle to make a volume of 
Twenty-five cubic centimeters of the organic 
solvent was then pipetted into each bottle. The 
bottles were stoppered and agitated for four hours 
in a constant temperature bath. After separation 
of the phases, an aliquot of the organic phase was 
withdrawn and appropriately diluted for the spec- 
trophotometric analysis of the xanthine. A Beck 
man spectrophotometer, Model D. U., was used 
for all of the determinations. The amount of 
xanthine in the aqueous phase was obtained by 
subtracting the amount found in the organic phase 
from the amount initially added to the system. 

Solubility Studies.—An excess of the xanthine 
was added to 25 cc. of distilled water in a 125-cc. 
ground-glass stoppered bottle. The bottle was 
stoppered and agitated in a constant temperature 
bath for thirty-six hours. An aliquot of the clear 
supernatent liquid was then withdrawn and appro- 
priately diluted for spectrophotometric analysis. 


25 ce 
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On the Use of Hypertensive Rats for the 
Testing of Antihypertensive Drugs” 


By J. RANDOLPH MURRAY{ and JOHN W. NELSON 


A one-hour method for screening drugs with possible antihypertensive activity was 


investigated using hypertensive and normotensive rats. 


All of the drugs used in 


testing the method produced a greater depression of pressure in the hypertensive 


than in the normotensive animal. 


The several advantages of the method suggest 


its utility in screening drugs for antihypertensive activity. 


PUBLICATIONS by Grollman (1), 


R™ NT 


Sturtevant (2), 


and Schroeder, et al. (3), 
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have indicated the desirability of employing 
hypertensive animals in screening drugs for 
activity. In these 
reports various methods for producing hyper- 
tension were used as were various methods for 
measurement of the blood pressures. 

The purpose of the present study was to fur- 
ther investigate the utility of using hypertensive 


possible antihypertensive 
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animals for screening such drugs by means of 
a one-hour experimental procedure. 
METHOD 
Albino rats of the Wistar strain were used. Hy- 
pertension was produced by the Grollman technique 


(4) which employs a figure-of-eight ligature to one 
kidney with removal of the other kidney after an 
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Ko 
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For an investigation of this nature it was felt 
that the drugs employed should be of proven anti- 
hypertensive activity and preferably with different 
sites of action. With this in mind, those chosen 
were: sodium azide (NaN;), 1-hydrazinophthalazine 
(Apresoline®—Ciba ), hexamethonium bromide ( Bis- 
trium® bromide—Squibb), and reserpine (Ser- 
pasil®—Ciba) 

Injections were made into a tail vein using a No. 
27 needle. Drug dilutions were prepared so that a 


ON THE BLOOD PRESSURE OF NORMOTENSIVE AND 


HYPERTENSIVE Rats 


Normo- 
tensives 


Mean B. P 
S.E. + 


Mean B. P 
Ss. E. = 


104 
8.0 


Hyper- 
tensives 


interval of seven to ten days. When 
hypertensive level was attained, the experiments 
using the drugs were initiated. Blood pressures 
were measured by the foot-cuff method of Kersten 
and associates (5) using a Photoelectric Tensometer 
(Metro Industries). Readings were taken immedi- 


a constant 


TABLE II 


Tue Errect or 1-HyYDRAZINOPHTHALAZINI 


Minutes after Injection 
6 s 10 15 
104 99 
a ee 
124 122 


7.0 9.8 


105 
3.6 
126 
8.0 


volume of about 0.25 ml. required for each 


animal 


was 


RESULTS 


Sodium Azide 0.6 mg./Kg.——The effects of sodium 


(APRESOLINE) 1.0 MG./KG. ON THE BLOOD PRESSURE 


OF NORMOTENSIVE AND HYPERTENSIVE Rats 


Pre 
inj 
Press l 


100 O7 
» 9 


Normo- Mean B. P 
tensives S. E. 2 
Mean B. P 

Ss. B. + 


Hyper- 


tensives 


TABLE III 


Animal 
Normotensive 
Hypertensive 


Dose 


3 mg./Kg 


Drug 
Azide 


Normotensive 
Hypertensive 


Apresoline 5 mg./Kg 


Normotensive 
Hypertensive 


3 mg./Kg. 
5 mg./Kg. 


Azide plus 
Apresoline 


ately prior to injection and at intervals of 1, 2, 4, 
6, 8, 10, 15, 30, 45, and 60 minutes after injection 
All rats anesthetized with pentobarbital 
sodium, (about 25 mg./Kg.), thirty minutes prior 
to injection of the drug. In most cases the animal 
was awake at the end of the one-hour test period 
but was still sufficiently sedated to allow blood 
pressure measurements to be accurately made 


were 


Minutes after Injection 
Ps . 


76 72 
100 
12.1 


95 


10.1 


95 106 


8.3 8 7 


106 


6.6 10.3 


Tue Errect or Soprum AZIDE AND APRESOLINE ON THE BLOOD PRESSURE OF NORMOTENSIVE 
AND HYPERTENSIVE RatTs 


Mean 
No Pre 
of inj Minutes after Injection 
Tests Press § 10 15 30 


107 90 93 
151 115 122 
106 87 
145 108 
105 87 
138 105 


60 
97 
150 
98 
114 
99 
125 


98 
138 
87 
99 
84 
107 


85 
110 
92 
105 


azide in a series of 13 hypertensive and 19 normo- 
tensive rats are shown in Table I 
Analytical sodium azide was used. Fresh solu- 
tions were prepared with sterile saline to contain 
1.0 mg 
|-Hydrazinophthalazine (Apresoline) 1.0 mg./Kg. 
In Table II the effect of Apresoline in 13 hyper 
tensive and 13 normotensive rats is shown. Apres- 


cc 





12 
oline (Ciba) ampuls containing 20 mg were 
used. 
yield a dilution of 20 mg. in 12 cc. 

Sodium Azide 0.3 mg./Kg. and Apresoline 0.5 
mg./Kg. Combined.—The dosage levels chosen were 
half those used in the previous tests. Each drug 
was given separately to hypertensive and to normo- 
tensive rats and the combination then administered 
to each group. Since only three to five experiments 
were done in each group, this work must be con- 
sidered as preliminary. The results are recorded in 


rable III 


ec 
Prior to injection, sterile saline was added to 
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hours after the injection. The results are shown 


in Table VI 


DISCUSSION 
Sodium Azide 0.6 mg./Kg.—Although it is 
agreed that sodium azide will lower the blood pres- 
sures of hypertensive animals, Black, et al. (6), have 
stated that the pressures of normotensive rats are 
not altered. The present one-hour experiments at 
levels of 0.3 mg./Kg. (Table III) as well as of 0.6 
mg./Kg. (Table I) of sodium azide caused a de- 


3.0 mMc./KG. ON THE BLOOD PRESSURE 


OF NORMOTENSIVE AND HYPERTENSIVE Rats 








Minutes after Injection 
6 ‘ 10 15 20 25 


30 


106 107 106 106 107 = 108 
4.13.9 3.9 46 4.2 4.5 
129 130 133 132 133 132 132 


109 
3.9 


Mean B, P 100 103 
S. E. + 3.§ 4.5 3.9 


Normo- 
tensives 


Hyper- Mean B P 112 123 
tensives S. E. + 


Hexamethonium 3.0 mg./Kg.—The preparation 
used was Bistrium bromide (Squibb) which contains 
25 mg. ion/ce. Prior to use it was diluted with 
sterile distilled water to contain 6.25 mg. ion/cc. 
Table IV shows the effects in a group of 11 hyper- 
tensive and a group of 11 normotensive rats. 


TasLe V.—Tue Errect or Serpasit 0.1 MG 


Mean 
Pre-inj 
Pressure 
Serpasil in hyper- 
tensives 
Serpasil in normo 
tensives 
Vehicle only in 
normotensives 


Reserpine (Serpasil) 0.1 mg./Kg.—When pre 
liminary experiments with Serpasil produced a rise 
rather than a fall in blood pressure in the one-hour 
procedure, the vehicle was tested alone and was 
found to have some pressor activity. The resus 
are shown in Table V 

Preliminary experiments were also carried out to 
determine the effect of daily injections of the drug 


Blood pressure measurements were taken twelve 


TasLe VI 


Mean 
Pre-inj 
Pressure 


143 
109 


No. of 


Tests 
Hypertensives 4 
Normotensives 3 


Ko 


68 6.7 


‘ 


Tue Errect or DarILy INJECTIONS OF 


6.0 5.9 5.2 4.8 5.3 4.9 4.7 





crease in the pressures of normotensives for a short 
period of about 15 minutes. Similar observations 
have been made in preliminary experiments using 
0.6 mg./Kg. on normotensive rats where carotid 
blood pressures were measured directly by can- 
nulation 


AND VEHICLE ON Rat BLoop PRESSURE 


Minutes after Injection 


157 159 


111 104 


101 102 


Quantitatively, the above results with the hyper- 
tensive animals agree favorably with those of Black, 
et al. (6). Graham (7) has shown a lowering effect 
with azide on cats and rabbits and has reported that 
the action of the drug depends on the experimental 
animal, the initial blood pressure level, the anes- 
thetic employed, and the dose of the drug. 

Sproule, ef al. (8), have stated that the hypo- 
tensive action of sodium azide is due to a lowering 


Serpasit 0.1 mo./Ko. 


on Rat BLoop PRESSURES 





— 


11 


a OO 
3 5 8 


127 132 


96 108 


122 
79 








January 1957 


of cardiac output. If this is true, one would expect 
a decrease in the pressure of both normotensive and 
hypertensive animals. The above results would 
lend support to sucha theory. The rapid onset and 


short duration of action shown here is not incon- 
sistent with clinical experience using the drug (6). 


Apresoline 1.0 mg./Kg.—-The hypertensive ani- 
mals responded to Apresoline with a mean drop in 
pressure of about 15 mm. Hg within four minutes 
but the rate of fall increased markedly to a maxi- 
mum depression of about 70 mm. within 10 minutes 
(Table II). After one hour, the average pressure 
was 47 mm. Hg below the pre-injection level. The 
average maximum drop in pressure exhibited by the 
normotensive animals was 28 mm. in 10 minutes 
and in one hour had risen to 21 mm. below the 
pre-injection level. 

The mode of action of Apresoline appears to be 
complex (9). There is some evidence that it acts 
by central inhibition of vasomotor reflexes. Schroe- 
der (10) has suggested its principal action is based 
on its ability to combine chemically with pheren- 
tasin and thereby inactivate this pressor substance. 
Moyer, Huggins, and Handley (11) have shown 
that Apresoline stimulates the heart and increases 
the cardiac output. They believe these cardiac 
effects to be central in action and mediated over the 
sympathetic nervous system. Stunkard, ef al. (12), 
concluded from human experiments that the drug 
could act directly upon the blood vessel wall. It 
is likely, in view of these reports that Apresoline 
does have several sites of action 

Since the present experiments indicated a greater 
average depression in the pressures of hypertensive 
animals than in the controls, one could postulate 
that the drug inactivates circulating pressor sub- 
stances. The decrease in normotensive animals 
might be due to a direct effect on the blood vessels 
as well as to a central effect 

In view of the results obtained, it is concluded that 
hypertensive animals should be employed in screen- 
ing drugs of the Apresoline type. The delayed onset 
and prolonged action of Apresoline seen clinically is 
indicated in this one-hour test. 


Sodium Azide 0.3 mg./Kg. and Apresoline 0.5 
mg./Kg.—Since no reports of sodium azide in com- 
bination with other antihypertensive drugs had 
been noticed in the literature, it was thought of 
interest to combine it with Apresoline. The dosage 
levels chosen were half those used in the previous 
tests where the drugs were tested individually. 
Each drug was given separately to hypertensive and 
normotensive animals and the combination then 
administered to each group (Table III). Since only 
three to five experiments were done in each group, 
this work must be considered as preliminary. 

The apparent antagonistic effect shown in Fig. 1 is 
interesting to note. The combination caused a 
greater depression than sodium azide alone but less 
than Apresoline alone both in normotensive and 
hypertensive animals. Using direct blood pressure 
measurements in four animals, the drug combination 
gave a slightly smaller response than either drug 
alone. 

If the theory of Sproule, et al. (8), is correct, i.e., 
that the hypotensive effect of sodium azide is due 
to a lowering of cardiac output, then this action 
would be opposed by the Apresoline which in- 
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creases cardiac output. The present experiments 
would lend support to such a theory. 

The results obtained with sodium azide and Apres- 
oline in combination indicate that this one-hour 
screening method should be of value in screening 
drug combinations as well as the individual drugs. 
This is an important aspect in view of the clinical 
advantages of administering antihypertensive drugs 
in combination. 

Hexamethonium Bromide 3.0 mg./Kg.—The 
results with this drug are similar in pattern to those 
of sodium azide. There was a greater average 
lowering of hypertensive than of normotensive 
pressures. In both groups, an immediate drop in 
pressure was recorded at the one-minute reading 
(Table IV). Considerable recovery towards the 
pre-injection level had occurred at about ten minutes 
and continued more gradually up to the 60-minute 
mark with the hypertensives maintaining a de- 
crease of about 22 mm. Hg below the mean pre- 
injection pressure while the normotensives main- 
tained a decrease of about 10 mm. Hg 

The action of hexamethonium is probably less 
complex than that of the other drugs used in this 
investigation. Essentially, it blocks the autonomic 
ganglia, both sympathetic and parasympathetic, by 
competition with acetylcholine at the ganglion cell. 
It has been shown that hypertensive patients usually 
respond with greater reductions in blood pressure 
than are seen in the normotensive individual, which 
observation has led to the conclusion of sympathetic 
overactivity in hypertension. Hoobler and Dontas 
(9) point out that other factors are also concerned, 
such as elasticity of the large arteries, cardiac output, 
and increased sensitivity to ganglionic blockade 
with low salt diets or with mercurial diuretics. The 
decline in blood pressure, therefore, does not nec- 
essarily parallel the extent of inhibition of sympa- 
thetic activity. 

The measurement of pressures with the Photo- 
electric Tensometer is satisfactory, thus showing an 
advantage over the microphonic manometer, which, 
according to Grizzle (13) does not detect a change in 
the rat blood pressure after hexamethonium. The 
sudden drop in pressure seen clinically with this 
drug is closely followed in the present one-hour ex- 
periment. 

Reserpine (Serpasil—-Ciba) 0.1 mg./Kg.—In view 
of the current interest being shown in Rauwolfia 


ise from 
yo pressure 


Decre 


ti 





Sedium Apresoline Sodium Azide 
Azide 0.5 0.3 mg./Kg. 
0.3 mg./Kg and 
mg./Kg. Apresoline 
0.5 mg./Kg. 

Fig. 1.—Comparison of the maximum effects of 
sodium azide and Apresoline individually and com- 
bined, on the blood pressures of hypertensive and 
normotensive rats. 
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serpentina and its alkaloids, it was thought of 
interest to use this drug in hypertensive and normo- 
tensive animals 

Using the one-hour test method, an increase in 
blood pressure was recorded. In the hypertensive 
animals, the increase was about 20 mm. in one hour, 
while in the normotensives there was a slight in- 
crease for thirty minutes, and sixty minutes after 
injection the pressure had returned to normal (Table 
V) 

When the vehicle alone was injected into the nor- 
motensive animal in an amount equivalent in vol- 
ume to that given with the drug, there was an aver- 
age increase i) pressure within ten minutes of about 
9 mm. followed by a return to normal after 60 min- 
utes. The vehicle consisted of citric acid, poly- 
ethylene glycol 300, benzyl alcohol, and water 
Such an experiment emphasizes the necessity of 
knowing the composition of the vehicle and testing it 
separately if necessary. For these experiments, the 
manufacturer provided ampuls of the vehicle 

The antihypertensive effect of reserpine does not 
appear immediately, but usually requires several 
days. Further preliminary experiments were car 
ried out wherein rats were injected daily with 0.1 
mg./Kg. of reserpine (Table V1). Blood pressures 
were measured 12 hours after the injection. A 
maximum depression occurred after three days in 
both normotensive and hypertensive animals, the 
former showing an average depression of 30 mm. Hg 
and the latter a depression of 21 mm. Hg. After 
eight days, the hypertensives showed an average 
depression of 11 mm. Hg whereas the normotensives 
had returned to the pre-injection pressure 

Since reserpine produced a greater depression on 
hypertensive than on normotensive animals, it is 
important in screening such drugs that both types 
of animal be used 

It is quite well established that the type of hyper- 
tension produced for this study is similar to human 
hypertension. While it must be kept in mind that 
screening methods in general do not measure directly 
the potential value of a drug in the human condition, 
it cannot be overlooked, as Grollman (1) has pointed 
out, that the results obtained with the hypertensive 
rat and dog afford an excellent screening method and 
that there is good correlation between the experi- 
mental results and those seen clinically. 

In cases where a drug shows little or no anti- 
hypertensive activity in the one-hour test further 
experimentation may be warranted; daily ad- 
ministration of the drug to the hypertensive and 
normotensive animal and measurement of the blood 
pressure by the foot-cuff method can be of consider- 
able value, with the test being continued over a 
period of several weeks if necessary. 
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SUMMARY 


1. A one-hour method for screening drugs 
with possible antihypertensive activity was 
investigated using hypertensive and normotensive 
It was tested successfully with differ- 
ent types of antihypertensive drugs having clini 


animals. 


cally proven antihypertensive activity 

2. Both hypertensive and normotensive ani 
mals should be used in screening drugs for anti- 
It was shown that all of 


the drugs used in testing the method produced a 


hypertensive action. 


greater depression of pressure in the hyper- 
tensive than in the normotensive animal. 

3. As well as being useful in screening for 
antihypertensive activity per se, this method 
also demonstrates the character of the antihyper- 
tensive action, e. g., the rapid onset and short 
duration of action of sodium azide, the delayed 
onset and prolonged effect of Apresoline, and the 
very slow onset of action of reserpine. The 
method further recommended for 
the 
effects of antihypertensive substances. 


is therefore 
pharmacological testing of quantitative 

4. The use of the method in screening drug 
combinations also is suggested. This suggestion 
is prompted by the interesting fact that when 
sodium azide and Apresoline were administered 


together, the effect was less than additive. 
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Cardiac Glycosides of Euonymus atropurpurea 


Jacq. 


I.” 


Detection, Separation, and Isolation 


By C. A. BLISSt and EGIL RAMSTAD 


The root bark of Exonymus atropurpurea Jacq., has been investigated and the pres- 
ence of at least seven different digitaloids was demonstrated by the use of color 


reactions and pharmacological tests on frogs. 


Separation of the glycosides was 


accomplished by fractionation on a cellulose column and by chromatography on 


large sheets of filter paper impregnated with formamide. 


The name exatroside is 


proposed for one of the glycosides isolated for structural study. 


) peieaery ATROPURPUREA JACQUIN (Celas- 

traceae), known by the common names of 
Wahoo, Burning Bush, or Spindle Tree, is a 
shrub indigenous to North America. During 
the past century the bark of this plant has been 
used extensively for medicinal purposes. It 
is still listed in the French Pharmacopeia of 
1949 as well as in the British Pharmaceutical 
Codex of 1949. As early as 1848 (1), the bark of 
E. atropurpurea was employed by American 
physicians as a diuretic, tonic, antiperiodic, and 
hydragogue cathartic; 
as an effective medicine was based chiefly upon 
its effect in the treatment of dropsy. Today it 
is employed primarily as a cathartic and chola- 
gogue. 

A study of the literature on E. atropurpurea 
reveals confusing evidence as to the presence of 
cardiac glycosides in the plant. In 1883 Schmie- 
deberg (2) recorded that Hans Meyer had iso- 
lated a cardioactive glycoside from the bark of 
E. atropurpurea. Later, Romm (3) outlined a 
method for preparation of this glycoside. The 
chemical characteristics of this substance, how- 
ever, were not determined and no melting point 
or chemical analysis is recorded, nor is any 
chemical evidence given for its glycosidal nature. 
The most exhaustive investigation of Euonymus 
atropurpurea has been carried out by Rogerson 
(4) who examined the root bark of the plant. 
He was able to isolate furan-beta-carboxylic 
acid, duicitol, euonymol (C2Hw»O,), a sugar 
residue, euonysterol (C3;Hg#O2), homoeuonys- 
terol (CywHwO2), atropurol (CHO), citrullol 
(C2H3s05),a yellow essential oil, and fatty acids. 
Rogerson was unable to find any of the ewonymin 


however, its reputation 


o” 
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as described by Romm. The use of steam 
distillation by Rogerson in the isolation pro- 
cedure, however, may have hydrolyzed the 
sensitive glycoside linkages and would explain 
his failure to isolate the glycoside. Reichstein, 
et al. (5-7), in a recent study of Euonymus 
europea L. succeeded in isolating a cardioactive 
glycoside designated as ‘‘euonoside’ from the 
seeds of that plant. They were able to show that 
the glycoside consisted of an aglycon, probably 
digitoxigenin, to which rhamnose and two beta- 
By enzymatic 
hydrolysis of euonoside a rhamnoside called 
“euomonoside’”’ was produced. Tamm and Ros- 
selet (8) showed the structure of enomonoside 
to be digitoxigenin-a-rhamnoside <1,5>. 

The isolation of euonoside from the seeds of a 
plant which taxonomically is closely related to 
E. atropurpurea gives indirect support to the 
findings of Meyer and Romm. In order to 
determine whether cardiac glycosides actually 
are present in E. atropurpurea, study of the root 
barks of this plant was undertaken. 


glucose molecules were attached. 


EXPERIMENTAL 


Materials, Reagents, and Procedures 


Chromatographic Equipment.—({(a) Commercial 
chromatographic cylinders 46 cm. X 30.5cm. The 
chambers were lined with filter paper dipping into 
the solvent phase which covered the bottom of the 
chamber. (5) A stainless steel, insulated chro- 
matographic cabinet 66.5 cm. long. This was used 
for the separation of milligram quantities of glyco- 
sides on large sheets of filter paper. (c) A chro- 
matographic column, pyrex glass, 47 mm. i. d. X 
64 cm. The cellulose column was produced from a 
slurry containing 436 Gm. of cellulose powder 
(W. and R. Balston Ltd. Whatman standard grade) 
in Solvent System (a). The column was packed 
under reduced pressure to a height of 54 cm. 

Chromatographic Paper.—Sheets of Whatman 
No. 1 filter paper 46 cm. X 57 cm. The paper was 
cut to convenient size for each type of chamber. 
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Chromatographic Solvent Systems (Parts by 
Volume).—1. For separation of crude glycoside 
mixtures: ethyl acetate 86 parts, benzene 14 parts, 
water 50 parts, and ethanol 30 parts. Lower 
aqueous phase discarded. 2. For separation of 
crude glycoside mixtures: chloroform 87 parts, 
ethanol 7 parts, benzene 3 parts, and formamide 3 
parts. Excess formamide was removed. 


Reagents and Reactions.—1. Legal’s Reaction 
for alpha-beta-unsaturated lactones (modified) (10). 
The modified Legal reaction was carried out as 
follows: Ten to twelve mg. of the substance to be 
tested is dissolved in 1 ml. of alcohol or pyridine. 
To this solution are added 3 drops of a 10 per cent 
HCI solution plus 1 drop of a 0.5 per cent aqueous 
solution of sodium nitroprusside. Ten per cent 
NaOH solution is added dropwise to the test solution 
at 2-minute intervals until the solution turns alka- 
line. A red coloration which lasts for 30 seconds to 
1 minute indicates a positive test. Sodium nitro- 
prusside solution is then added at 2-minute inter- 
vals until no red coloration forms upon the addition 
of successive drops. Addition of 10 per cent HCl 
produces a clear blue or blue-green coloration on 
acidification of the solution. 

2. Modified Keller-Kiliani Reaction for 2-desoxy 
sugars. The reagent consisted of the following 
solutions: 


Solution 1: 1 ml. of a 5 per cent ferric sulfate solu- 
tion plus 99 ml. of glacial acetic acid. 
1 ml. of a 5 per cent ferric sulfate solu- 
tion plus 99 ml. of sulfuric acid. 


Solution 2: 


From 0.05 to 0.1 mg. of the dried material to be 
tested is dissolved in 0.1 ml. of solution 1. One 
drop of solution 2 is added and the mixture is shaken. 
In the presence of 2-desoxy sugars a blue to blue- 
green coloration is produced within 5 minutes at 
20°. 

3. Trichloracetic Acid-Hydrochlorite Reagent 
(TCAA Reagent). A modification of the reagent of 
Jensen (11) was used in the routine detection of the 
glycosides on the chromatograms. The reagent 
consists of a 25 per cent solution of trichloracetic 
acid in alcohol (w/v) to which 0.5 per cent of a 5 
per cent solution of sodium hypochlorite solution is 
added. The chromatograms are developed by 
passing the chromatographic strips quickly through 
the reagent, then heating them at 80-85° for one 
and one-half minutes. The chromatograms are 
inspected under ultraviolet light. This reaction is 
sensitive to 0.25 to 0.5 ug. of digitalis glycosides. 

4. m-Dinitrobenzene Reagent. The m-dinitro- 
benzene reagent is a modification of the reagent of 
Raymond (12). Cardiac glycosides produce with 
the reagent a blue coloration on the chromatogram 
in white light. The formation of this color is de- 
pendent upon the alpha-beta-unsaturated lactone 
group of the aglycon. The reaction is more specific 
than the TCAA reaction for cardiac glycosides but 
is less sensitive since 5 to 10 ug. of material is needed 
for a positive color reaction (11). The test is 
carried out as follows: The chromatographic strips 
are passed quickly through a 2.5 per cent solution 
of m-dinitrobenzene in chloroform, dried in air, 
and then sprayed with a 5 per cent solution of 
potassium hydroxide in methyl alcohol. The color 
develops within a few minutes and fades within a 
few hours. 
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Paper Chromatographic Procedures.—All chro- 
matographic procedures were carried out by 
descending technique. In the cases of solvent sys- 
tem (b) containing formamide, the filter paper was 
impregnated with 10 per cent or 50 per cent for- 
mamide in acetone. The filter papers were impreg- 
nated by passing the paper quickly through the 
formamide-acetone mixture, blotting the sheet be- 
tween filter paper and allowing the acetone to 
evaporate. The materials to be chromatographed 
were then applied immediately to the treated 
papers. 


Stabilization and Extraction of the Root 


One kilogram of the fresh root bark of E. atro- 
purpurea, collected in the area of Lafayette, Indiana, 
in November, was stabilized by refluxing the mate- 
rial with methyl alcohol for 30 minutes in the 
presence of an excess of calcium carbonate. The 
aqueous-alcoholic extract obtained was filtered, 
concentrated im vacuo and stored at 4°. The 
stabilized bark was dried in air, powdered, and 
extracted by percolation with absolute methanol. 
Seven liters of straw-colored extract was collected 
and concentrated to a volume of 500 ml. Upon 
standing, the extract from both the stabilization 
and the percolation procedures deposited a brown 
crystalline material. The extracts were filtered and 
combined [1]. 

Recrystallization of the precipitates from a water- 
methanol mixture (4:1) furnished 20 Gm. of white 
crystals, m. p. 188-190° (uncorrected) Rogerson 
(4) has previously obtained dulcitol (m. p. 186- 
188°) from E. atropurpurea by a similar procedure. 
A mixed melting point of 187-189° (uncorrected) 
was obtained when the above crystals were mixed 
with an authenticated sample of pure dulcitol. 

The combined aqueous-alcoholic extract [1] was 
concentrated in vacuo to a volume of 600 ml. This 
slightly acid aqueous solution was then shaken out 
with three 100-ml. portions of petroleum ether 
(b. p. 35-75°) and treated with freshly prepared, 
thoroughly washed lead hydroxide. The solution 
was concentrated further by vacuum distillation 
after removal of the lead hydroxide by filtration. 
The 240 ml. of the remaining aqueous fraction was 
extracted with four successive portions of 250 ml. 
of chloroform. Evaporation of the chloroform 
extracts produced 4 Gm. of a glassy brown resinous 
material, extremely acrid and bitter to the taste 
(chloroform extract [2]). The crude glycoside 
extract [3] was obtained by successive shaking out 
of the bitter, aqueous, chloroform-insoluble mate- 
rials from [1] with three separate portions of 220 
ml. of chloroform-ethanol mixture (2:1). The 
resulting chloroform-ethanol fractions were in turn 
washed with 25 ml. of a 3 per cent sodium bicarbon- 
ate solution and 25 ml. of distilled water, and com- 
bined. After drying over exsiccated sodium sulfate 
the solvent was removed by vacuum distillation 
leaving 1.05 Gm. of a light brown residue intensely 
bitter to the taste [3]. The aqueous fraction [4] 
remaining possessed a distinct sweet taste devoid 
of any bitterness, while the chloroform-ethanol 
extract [3] was extremely bitter. Repeated at- 
tempts to obtain crystals from the glycoside extract 
were unsuccessful. 

Both the Keller-Kiliani reaction and the Legal 
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reaction gave strongly positive tests with the 
chloroform-ethanol soluble fraction [3] but negative 
tests with the water soluble fraction [4]. The 
chloroform fraction [2] gave a weakly positive Legal 
test and a negative Keller-Kiliani test. 

Test for Cardioactivity.—Perfusion of the 
hearts of frogs with dilute solutions of the concen- 
trated extract [3] in Howell-Ringer’s solution (1:30) 
produced a slowing of the heart rate, decreased 
amplitude of contraction, and decreased ability of 
the hearts to relax. Continued perfusion produced 
systolic stoppage of the heart. Direct injection of 
0.5 ml. of the diluted solution the ventral 
lymph sac produced systolic stoppage of the heart 
within one hour. 


into 


Fractionation of the Glycosides by Partition 
Chromatography.—A partial separation of the 
glycosidal mixture [3] was carried out by partition 
chromatography on a cellulose column. Approxi- 
mately 436 Gm. of powdered cellulose, suspended 
in solvent system 1 was added as a slurry to a 
pyrex glass chromatographic column and was 
packed under reduced pressure to a height of 54 
cm 

The glycoside mixture [3], in the amount of 840 
mg., was dissolved in 7.5 ml. of ethanol and the solu- 
distributed over the surface of fifteen filter 
paper disks 47 mm. in diameter. The disks were 
placed on the top of the column followed by several 
untreated disks and 30 Gm. of glass beads. Solvent 
system 1 was added to the column and the flow rate 
down the column was adjusted to 3 cm. per hour. 

After fifteen hours of flow, collection of fractions 
was begun with use of a timed-interval fraction col- 
lector. One hundred and twenty fractions of 
approximately 25 ml. were collected and evaporated 
individually to dryness. Every third fraction was 
dissolved in 1 ml. of redistilled methanol. Five 
microliters of each methanolic solution was spotted 
on filter paper and the materials chromatographed 
for three hours with solvent system 1 after an 
equilibration time of 24 hours. The TCAA reagent 
was used to identify the glycosidal constituents 

Figure 1 shows the distribution of the glycoside 
components in the fractions of the eluate and the 
approximate Ry value of each component. The 
greatest concentration of materials, as evidenced 
by the intensity of fluorescence on the chromato- 
grams, was found in Compounds C and D. 

Each of the six glycoside components was then 
rechromatographed on paper with solvent system 1 
and was treated with the m-dinitrobenzene reagent. 
Of these chromatograms only the one containing 
Compound E failed to show a positive blue colora- 
tion indicative of an alpha-beta-unsaturated linkage. 

Fractions 24-45 contained the greater portion of 
Compound C, which was selected arbitrarily for 
further investigation. Repeated attempts to crys- 
tallize this material (approximately 30 mg.) from 
methyl alcohol, aqueous methyl alcohol, acetone 
and aqueous acetone were unsuccessful. 


tion 


Separation of Glycosides in Fractions 24-45 and 
Isolation of Compound C-1.—Figure 2 shows the 
results of the separation of the combined fractions 
24-45 on filter paper impregnated with 50 per cent 
formamide and on paper impregnated with 10 per 
cent formamide by use of solvent system 2. On the 
10 per cent formamide-treated paper the migration 
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Compound 


40 vo 60 
F RAC TION NuMBER 
Fig. 1.—Fractionation of crude glycosidal mixture 
with cellulose column, 


of the glycosides was faster, and a greater separation 
achieved. For this reason the compound 
shown as Compound 6 on strip 1 had dripped off 
in the case of strip 2. The substance on strip 1 
which corresponds to Compound d on strip 2 had 
not yet begun to migrate from the point of origin. 
All of the spots above gave a positive reaction 
with the TCAA reagent and all, except c-2 showed 
a positive m-dinitrobenzene reaction. Positive re- 
action with m-dinitrobenzene indicates the presence 
of an alpha-beta-unsaturated lactone grouping. The 
reaction with TCAA is more sensitive for the detec- 
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sTRIP 2 


‘ STRIP 1 
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OF PAPER 50% FORMAMIDE 


10% FORMAMIDE 


TIME OF 
CHROMATOGRAPHY 48 HOURS 48 HOURS 
CHLOROFORM 6 

BENZENE 

ALCOHOL 

FORMAMIDE 


SOLVENT SYSTEM 


Fig. 2.—Chromatography on formamide-impreg- 


nated paper of fraction 24-45 using solvent system 
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tion of cardiac glycosides, giving a positive reaction 
with 0.25-0.5 yug., than is the reaction with m- 
dinitrobenzene which requires 5-10 yg. for a positive 
test (11). That c-2 did not give a positive reaction 
with the latter m-dinitrobenzene reagent may be 
due to the fact that the small quantity of the mate- 
rial present is insufficient for detection 

Five milligrams of the combined fractions 24-45 
were chromatographed on two large sheets of filter 
paper with solvent system 2. A small quantity of 
Compound 6, Compound c-1, and a mixture of Com- 
pounds c-3 and c-4 was isolated 

It was now possible to correlate the identities of the 
components separated chromatographically by use 
of solvent system 1 (Fig. 1) with those separated 
by use of solvent system 2. The isolated com- 
pounds above and the crude glycosidal mixture [3] 
were concurrently chromatographed on filter paper 
with solvent system 1. Compound 6 and Com- 
pound B (Fig. 1) were shown to be identical since 
they occupied the same relative positions on the 
strips and had identical Ry values when chro 
matographed under these conditions. Similarly 
Compound c-1 and the mixture of Compounds c-3 
and c-4 all located themselves in the same position 
as Compound C in Fig. 1. 

Also Compound D as contained in fraction 61 
Fig. 1) showed chromatographic properties identical 
to those of compound d contained in fractions 24-45 
when both were chromatographed concurrently on 
10% formamide-impregnated filter paper with sol 
vent system 2 (Fig. 2) 

Compounds c-2 and E which were present in very 
small amounts on different chromatograms gave a 
negative reaction with m-dinitrobenzene but a 
positive reaction with TCAA. The small amount 
rather than the absence of a/pha-beta-unsaturated 
lactone might account for the negative reaction with 
m-dinitrobenzene (see above 

For the separation of milligram quantities of 
materials the large filter paper sheets (46 cm. X 
57 cm.) were prepared as follows: A horizontal line, 
10 em. in length, was drawn 15 cm. from one end of 
the paper leaving a margin of 3 cm. on each side 
of the paper for a “‘locator’’ chromatogram. A 
point was marked in each margin midway between 
the end of the line and the outer edge of the paper. 
The filter papers were then impregnated with the 
50 ner cent formamide solution, and several milli 
grams of the glycoside mixture, dissolved in alcohol, 
were streaked repeatedly on the horizontal line with 
a capillary pipet so as to form a narrow band 
Locator chromatograms were run simultaneously 
on the same sheet by applying small quantities of 
the same glycoside mixture to the two points men- 
tioned above for the purpose of determining the 
location of the separated glycosides on the developed 
sheets (see below) 

The chromatograms were run for 72 hours in the 
large chromatographic cabinet. After drying for 
2 hours at 60° the two locator strips were cut from 
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each sheet and developed with the TCAA reagent. 
Three areas of fluorescence, corresponding to com- 
pounds c-3 and c-4, compound c-1 and compound 
b, were visible on each strip under ultraviolet light. 
The test strips were replaced in their original 
positions on the large sheet and the areas occupied 
by each of these three materials were marked, cut 
from the sheet, and eluted with absolute alcohol 
The three extracts were concentrated in vacuo and 
10 wg. of each were rechromatographed along with 
a control strip containing the combined fractions 
24-45. The results showed that compound 6 and 
c-1 had been separated completely. The 
representing compounds c-3 and c-4, however, 
showed overlapping. 

Twenty milligrams of combined fractions 24-45 
were chromatographed on 4 large sheets of 10 per 
cent formamide-impregnated paper in the manner 
described above, the areas of each sheet which con 
tained euatroside (c-1) were cut from the paper, 
and the glycoside eluted. The eluate was evapo- 
rated to dryness in vacuo. Chromatographic anal- 
ysis of the residues showed that they were not 
contaminated with other glycosides 

The total quantity of Compound c-1 from the 
two separations amounted to 12 mg. All attempts 
at crystallization of the compound were unsuccess- 
ful 

Test for Cardioactivity.—The cardioactivity of 
Compound c-1 was established by injecting dif- 
ferent doses of the material into the ventral lymph 
sacs of eight frogs. Four solutions of euatroside 
containing 0.1 mg. per ml., 0.05 mg. per ml., 0.02 
mg. per ml., and 0.01 mg. per ml. were prepared by 
suspending the glycoside in 0.7 per cent normal 
saline solution. One milliliter of solution was 
injected into each frog, two frogs being injected with 
each solution. After one hour the frogs which 
received the 0.1-mg. dose and the 0.02-mg. dose 
were dead. After twenty-four hours one of the two 
frogs which received the 0.05-mg. dose had also 
died. Upon examination of the hearts of the dead 
frogs, they were observed to have stopped in 
systole, a phenomenon characteristic of death from 
cardiac glycosides. 


spots 
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Comparative Effects of Certain Nonnarcotic 
Analgetics on the Pain-Induced Lowering of Total 
Nonprotein Sulfhydryl Content of Rat Liver* 


By E. I. TAKESUE} and T. S. MIYA?t 


An investigation was made of the effects of various factors and drugs on the total 


soluble nonprotein sulfhydryl content of rat liver. 


It was found that the combina- 


tion of fasting, hydration, and bilateral tourniquets resulted in the lowest mg. % of 


the sulfhydryl content. 


Acetylsalicylic acid 500-600 mg 


Kg., salicylamide 150 


mg./Kg., and acetophenetidin 600 mg./Kg., inhibited the ‘docommne of the total non- 


protein sulfhy dry! content in the liver of the rat subjected to stress. 


Sodium pheno- 


barbital 50 mg./Kg., and morphine sulfate 10 mg./Kg., also gave similar results. 
Aminopyrine 100-600 mg./Kg., and sodium salicylate 200-750 mg./Kg., failed to 


inhibit the decrease of sulfhydryl! content of the stressed rat liver. 


At ‘the large 


doses, both amin ee and sodium salicylate proved fatal to the animals tested. 


It was possible to 


emonstrate that sodium salicylate at the 200 mg./Kg. dose level 
caused a decrease of the sulfhydryl content without the use of tourniquets. 


This 


study indicates that the protection of the total nonprotein sulfhydryl content of the 
stressed rat liver is not of a high degree of specificity. 


[ HAS been shown (1-5) that various agents 

cause a significant decrease in the total non- 
protein sulfhydryl (TNPSH) content of rat and 
mice livers. It has been demonstrated by one 
that acetylsalicylic acid protects the 
TNPSH content of the rat liver when the animal 
is placed 


of us (6) 


under stress. The pharmacologic 
implications of this phenomenon are discussed in 
a previous paper (6). 

The purpose of this investigation was to deter- 
mine the effect of certain other drugs and factors 
TNPSH content of the rat liver in an 
attempt to better understand the nature of the 
TNPSH protection 


on the 


EXPERIMENTAL 


Female Sprague-Dawley rats weighing 150-250 
Gm. maintained on standard Purina laboratory chow 
pellets were employed in this study. Food was 
withheld from the animal for 16-18 hours with water 
ad libitum prior to the experiment. Where hydra- 
tion is a ated, the animals were orally admin- 
istered 5% of their total body weight of tepid water 
Rubber jak wound and tied securely just above 
the ankle joints constituted the term “‘tourniquets.”’ 
Ambient temperature was employed in all experi- 
ments, viz., 23-26°. The details of each set of 
experiments are given in Table II. 

Method for TNPSH Determination.—The method 
for determining the TNPSH was basically that de- 
veloped by Kolthoff and Harris (7) and as modified 
by Benesch and Benesch (8). The animal is 
sacrificed by cervical dislocation. A portion of the 
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liver (300-400 mg.) is removed, frozen in dry ice, 
and weighed. The tissue is then placed in a glass 
homogenizer (10 ml. capacity) with ten parts of 
sulfosalicylic acid, and ground. The homogenate 
is then filtered through hardened filter paper (S and 
S Sharkskin). An aliquot (1 ml.) of this homogen- 
ate is placed in the titration mixture consisting of 
not less than 80% ethanol, 0.05 M NH,NO,, 0.25 
M NH,OH and 3 X 10° M ethylenediamine 
tetraacetate. Silver nitrate solution (0.0007 N) 
was used as the titrant in this investigation. A 
micrometer gauge with a calibrated syringe capable 
of delivering to +0.001 ml. (Micro-Metric Instru- 
ment Co., Cleveland, Ohio, Cat. No. SB1) was 
utilized as a microburet. The end point of the 
titration is obtained graphically by plotting current 
readings (microamperes) against volume of silver 
nitrate solution added and observing the inter- 
section of the two straight lines 


RESULTS 


In Experiment 1 the effect of various factors on 
the TNPSH content of the rat liver was investigated 
The relationship between treatment and average 
mg. % of TNPSH is shown in Table I. Although 
hydration itself has no effect on the TNPSH content 
of the fasted rat liver, when used together with 
tourniquets, the lowest mg. % is obtained. 

In Experiment 2 the effect of various drugs on the 
TNPSH content was tested. The results are shown 

1 Table II. At least one animal of either or both 
control groups (indicated in Table I) was included 
whenever a TNPSH determination was performed 

Because of the toxicity (Table I1) exhibited by a 
single dose of 600 mg./Kg. of acetylsalicylic acid, 
divided doses were later employed. Probing doses 
(using four animals) of a single 500 mg./Kg. and of 
two 250 mg./Kg. divided doses failed to irhibit 
the decrease of TNPSH content of the animal sub 
However, 300 mg./Kg. followed 
Kg. protected the liver TNPSH (Table 


jected to stress 
by 200 ing 
Il) 
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TABLE I.—A SUMMARY OF THE EFFECTS OF VARIOUS 
FACTORS ON THE TNPSH Content oF Rat LIVER 


Average 
mg , 


No. of ‘ 
Treatment +S. D 


Animals 
$ None : 0 
6 Fasted (F)—16-18 hours; 278.2 
water ad lib.* 
tourniquets (T)—bi- 236.8 18.! 
lateral—rubber bands 
wound and tied above 
ankles for 4 hours 
; T—3'/, hours and re- 
moved; sacrificed '/, 
hour later 
F; hydration (H 5% 
of body weight in tepid 
water—wait 3'/, hours; 
H again 
F- BH: T 
F; H; T—3'/: hours and 
removed; H:; sacrificed 
‘/, hour later* 


16.! 
12.3 


F; 


I ; 


215 


200 .: 


* Used as controls for subsequent work. 


Figure 1 shows, in graphic form, the effects of the 
protective doses of the various drugs on the TNPSH 
content of the stressed rat liver 


DISCUSSION 


The effect of the various factors on the TNPSH 
content of rat liver is apparent. The use of tour- 
niquets was the greatest single factor which caused 
a decrease of the TNPSH content. The other 
factors have little or no effect by themselves but 
appear to possess an additive action when used si- 
multaneously with tourniquets. 

The effects of the nonnarcotic analgetics on the 
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Fig. 1.—The effects of the protective doses of 
various drugs on the TNPSH content of stressed 
rat liver. I—standard deviation, @—average mg. 
“>, A—fasted, B—fasted, hydrated (twice), tour- 
niquets applied and removed, C—500 mg./Kg 
aspirin, divided doses, administered to animals, 
under condition B, D—salicylamide, 150 mg./Kg., 
administered to animals under condition B, E 
phenacetin, 600 mg./Kg., administered to animals 
under condition B, F—morphine sulfate 10 mg./Kg 
administered to animals under condition B, G 
sodium phenobarbital 50 mg./Kg. administered to 
animals under condition B. See Table II for 
details. 


content of stressed rat liver. While the less com- 
monly employed analgetics, sodium salicylate and 
aninopyrine, failed to protect or inhibit the decrease 
of the TNPSH content of the stressed rat liver, 
even in toxic doses (Table II). The doses of so- 
dium salicylate actually diminished liver TNPSH 
content. 


The mechanism for the difference exhibited be- 
tween acetylsalicylic acid and sodium salicylate 
was not established in these experiments. The 
former protected the TNPSH content while the 


TNPSH content have proved interesting. The 
drugs popularly used as analgetics, acetylsalicylic 
salicylamide and acetophenetidin, all pro- 
inhibited the decrease of the TNPSH 


acid, 
tected or 


TaABLe II \ SUMMARY OF THE EFFECTS OF VARIOUS DRUGS ON THE TNPSH ConrTENT or Rat LIver* 


No. of 


Average mg 
Animals ‘ 


S D 
16 
4.8 
6.: 


Drug Dose? 


9-°> 


277.0 
261.8 
268 .6 
227 .0 
270. 
265. 
Hor 


oe .t 


8 Acetylsalicylic acid 600-single 
6 Acetylsalicylic acid 600-divided (300-300) 
6 Acetylsalicylic acid 500-divided (300-200) 
6 Acetylsalicylic acid 450-divided (300-150) 
6 Salicylamide 200-single 
6 Salicylamide 150-single 
6 Salicylamide 100-single 
Sodium salicylate 750-single 
Sodium salicylate 600-single 
Sodium salicylate 300-single 
Sodium salicylate 200-single—no tourni- 
quets 
20-single 
600-single 
4(1)-single 
200-single 
100-single 
750-single 
600-single 
550-single 


SHHHEHHEHH 


119.§ 
199 
206. 


HNO .co077 
— 
fa) 
i} 


+ + 


201.7 


He 


t Sodium salicylate 
4 Aminopyrine 

4 Aminopyrine 
4 
4 


os 
> 
= 


HHS 


219 
217 
210. 
308 
269 


228 .§ 


_— 


Aminopyrine 
Aminopyrine 
6 Phenacetin 
6 Phenacetin 
6 Phenacetin 


“In D 


CS ed 
a 


16 
13 


oo 


* Animals fasted 
hydrated; and sacrificed hour later 

6 All doses in mg. / Ke. administered orally suspended or dissolved in 0.25% 

© Twenty-five per cent mortality observed 


treated: hydrated, bilateral tourniquets applied for 3' > hours and removed; treated (if divided doses); 


sodium alginate 
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latter failed to protect 
(200 mg./Kg 
out the application of tourniquets 

This study indicates that protection of liver 
TNPSH lowering of rats under ischemic pain stress 
is not specific for nonnarcotic The 
ultimate mechanism by which certain agents pre 
vent TNPSH lowering remains to be elucidated 


even at lower doses 


) was shown to cause a decrease with- 


and 


analgetics. 


SUMMARY AND CONCLUSIONS 


| Hydration alone does not significantly 
affect the TNPSH 


(278.2 + 12.2 vs. 


content of the rat liver 
292.4 10.7 mg. %). 
Hydration employed in conjunction with 
fasting and tourniquets resulted in the lowest 
TNPSH reading (278.2 + 12.2 vs. 200.3 4 
13.7 mg. %). 
500-600 mg./Kg., 
salicylamide, 150 mg./Kg., and acetophenetidin, 
Kg., inhibited the 
I'NPSH content of the stressed rat liver. 
!. Morphine sulfate, 10 mg./Kg., 


3. <Acetylsalicvlic acid, 


600 mg decrease of the 


and sodium 
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phenobarbital, 50 mg./Kg., also appeared to 
protect the TNPSH content of the rat liver. 

5. Aminopyrine, 100-600 mg./Kg., and so 
200-750 mg./Kg., failed to 
inhibit the decrease of stressed rat liver TNPSH. 


dium salicylate, 


Che larger doses of aminopyrine and sodium 


salicylate were fatal to all animals. Sodium 


salicylate 200 mg./Kg. produced a decrease of the 
TNPSH content without the use of tourniquets. 
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Interaction Studies of Cationic Drugs with Anionic 
Polyelectrolytes II." 


Polyacrylic and Styrene Polymers 


By LLOYD KENNONT and TAKERU HIGUCHI 


A study of the interaction of sodium 


»lyacrylate, a styrene-maleic anhydride poly- 


mer, and a styrene-chloromaleic anhydride polymer with a number of cationic drugs 
indicated that binding of the drug ions on the dissolved polyelectrolytes occurs, 


often with concomitant precipitation. 


It has been shown that Donnan concepts 


with an auxiliary adsorption equation suffice for the interpretation of the binding 


behavior of polyacrylate. 


The styrene polymers, however, exhibit non-Donnan be- 


havior which may be treated exclusively according to the Langmuir theory of 
adsorption. 


A PREVIOUS ARTICLE (1), it was suggested 


I 


molecules to some pharmaceutical systems may 


that the addition of polyelectrolytes or smaller 


improve either the stability of the drugs in these 
systems or prolong, sustain, or enhance the action 
of the therapeutic agents contained in them. 
Relatively recent examples of attempts to use 
this technique have been the distribution on the 
European market of an addition compound of 
isoniazid and p-aminosalicylic acid (2) and the 


* Received April 13, 1956, from the University of Wiscon 
sin, School of Pharmacy, Madison 6 
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t Fellow of the American Foundation for Pharmaceutical 
Education Present address: Smith, Kline and French 
Laboratories, Phila. 1, Pa 


Detroit 


marketing of a colloidal complex containing 
amphetamine tannate.! 

The results of an investigation of the binding 
behavior of three anionic polyelectrolytes are 
presented in this communication. Interactions 
of several cationic drugs with sodium polyacrylate, 
with the sodium salt of a copolymer formed be 
tween maleic anhydride and styrene, and with 
the sodium salt of a copolymer formed between 
chloromaleic anhydride and styrene have been 
The general method of attack and the 
procedures employed were essentially the same as 


studied. 
those used in the earlier study on the binding 


' Synatan—Irwin, Neisler & Co., Decatur, Ill. 
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behavior of sodium carboxymethylcellulose in 
aqueous solution. 


EXPERIMENTAL 


the method used for the 
analysis of the organic compounds, the procedure 
employed in making the gross observations, and 


rhe dialysis technique, 


some of the reagents have been described previously 
l 

Reagents.--The reagents used in this study which 
were not reviewed before (1 Polyacrylic acid 
(Rohm Styrene (Matheson) 
vacuum distilled at the water aspirator; the fraction 
distilling from 34° to 35° was used immediately after 
distillation. Maleic anhydride (Eastman Kodak 
Co Chloromaleic anhydride (Eastman Kodak 
Co.) vacuum distilled at the water aspirator; the 
fraction distilling at 75° to 76° was collected 

Copolymerization of Styrene and Maleic An- 
hydride.—-The methods used for the copolymeriza 
tion were analogous to previously recorded tech 
niques (3, 4 The polymerization was carried out 
in benzene, with peroxide as catalyst 
lhe amounts of reactants per batch (approximately 
a 1:1 molar ratio), and solvent with catalyst were 
as follows: Benzene, 900 cc.; 
anhydride, 29.42 Gm 
0.35Gm 

The reaction was carried out in a 2-L. three 
necked flask provided with thermometer, stirrer, 
and water condenser; heating was effected with a 
heating mantle and variac The maleic anhydride 
was dissolved in the benzene; then the styrene and 
benzoyl peroxide were added; stirring was con 
tinuous. In 55 minutes the temperature rose to 
70°; twenty minutes later the temperature was 77°, 
ind the solution started to become cloudy The 
temperature then rose immediately to 79°-S80° and 
remained constant. Heating was continued for 45 
minutes after the initial cloud formed; then the 
heat was turned off, but the stirring was continued 
for 15 minutes. The 
suction-filtered 


were 


and Haas Co 


yenzoyi 


stvrene, 36.45 Gm.; 


maleic benzoyl peroxide, 


suspended white powder was 
then dried at 40° until the 
benzene evaporated The vield was 55°; 

The material was then hydrolyzed in 20°, 
NaOH solution to the phenolphthalein point 
nal indicator rhis solution 
rated to dryness, and the hard, gelatine-like ma 
terial was recovered as the sodium salt The prod 
uct may conveniently be referred to as sodium PMS 

Copolymerization of Styrene and Chloromaleic 
Anhydride. The polymerization reaction was cat 
ried out in toluene with benzoyl peroxide as catalyst 
The amounts of reactants per batch (approximately 
i 1:1 molar ratio), and solvent with catalyst were as 
follows Toluene, SOO cc stvrene, 36.45 Gm.; 
chloromaleic anhydride, 46.38 Gm.; benzoyl per 
oxide, 0.35 Gm 

The apparatus used 
in the 


and 


warm 
exter 


method was evapo 


as that used 
The anhydride was dis 
solved in the toluene; then the stvrene and benzoyl 
peroxide idded; = stirring continuous 
The flask was heated rapidly until a temperature 
of 80° was reached, then more slowly At a tem 
perature of 98° a gradually appearing yellow color 
quite in evidence, and the 
At 107° HCl 


was the same 
above procedure 


were was 


was solution became 


more opaque was evolved as the 
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dehydrohalogenation started. The temperature 
reached 109° one-half hour from the very start of 
the heating. The solution was refluxed for four 
hours, after which time HCl was no longer being 
evolved 

The product consisted of a layer of material 
which coated the inside of the flask. To remove this 
layer, 600 cc. of 20°, NaOH was added to the flask 
(after the toluene was decanted), and the hydro 
lyzing solution was heated and stirred. The result 
ing clear solution was then removed, 80 cc. of 37°, 
HCl acid was added, and the precipitate formed was 
washed and dried. The yield was 40°, The so 
dium salt was made by a procedure analogous to 
that used for the PMS; it will be referred to as 
sodium des-Cl-PCMS. 

Titration of des-Cl-PCMS Copolymer.—The 
neutral salt method of titration, which finds its 
major usefulness in titrations of ion-exchange resins, 
was employed because high polymers are somewhat 
akin to such resins (5-7). The procedure is essen 
tially this: To a series of Erlenmeyer flasks each 
containing a 0.2000-Gm. sample of the acid copoly 
mer and enough salt to make the NaCl concentra 
tion 0.5 N (10 ec. of a 36.5337 Gm./250 cc. solution 
of NaCl in boiled distilled water), various amounts of 
approximately 0.1 N NaOH were added. The total 
volume was then brought up to 50 cc. with freshly 
boiled distilled water. The flasks were then tightly 
stoppered and frequently swirled for a period of 18 
to 24 hours, after which a model G Beckman pH 
meter was used to determine the pH values of the 
solutions in the flasks. 

Potentiometric titrations of PMS have 
ported (4 


been re 


RESULTS AND DISCUSSION 


Gross Observations... The macroscopic manifes 
tations of interactional behavior between the poly 
electrolytes and some cationic drugs are indicated in 
rable I. Some of the complexes are sufficiently in 
soluble so that they either precipitate or aggregate 
to the extent of being visible However, it is not 
unreasonable to suppose that part of the complexes 
formed do remain in true solution 


TABLE I.—-GROsS OBSERVATIONS OF SODIUM 
POLYELECTROLYTE-DRUG CATION INTERACTION 


des-Cl Poly 
PCMS PMS acrylate 
Ephedrine 0 
Procaine : ; 0 
Benadryl > ; 3 
Quinine } 
Amphetamine : 0 
Pyribenzamine ‘ 3 


Drug 


70 No ppt. and clear; | colloidal; 2 turbid 
grayish cloud; 3 white, milky cloud; 4 = gelatinous ppt 
> stringy, sticky ppt 


Titration of The 


des-CIl-PCMS Copolymer. 


curve resulting from the neutral salt titration is 


shown in Fig. 1. This technique did afford a good 
resolution of the two carboxyl groups’ action In 
spection of the graph indicates that there must 
have been a substantial amount of sodium remaining 
on the one carboxyl group since so little of it is 
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| j EIGHTEEN HOUR 
| NEUTRAL SALT TITRATION 


| OF DES-Ci-PCMS 








isSS7TYVUNB BH 
CC. 0.1030 N NaOH 


Fig 1 Potentiometric titration of  des-Cl 
PCMS in the presence of 0.5 N sodium chloride 





present. The presence of sodium was also checked 
by the platinum wire flame test. Hence the actual 
amount of NaOH needed is more exactly twice the 
amount used the two inclines 
Figuring the equivalent weight in this manner one 


between steepest 





| BINDING OF AMPHETAMINE, 
| BENADRYL & EPHEDRINE 
WITH POLYACRYLATE 


— DONNAN 
@ BENADRYL 
O EPHEDRINE 


@ AMPHE TAMINE 











O-NWHUDN 


0 02 04 O06 O8 10 
MEQ OF DRUG IN SYSTEM 
Fig. 2..-Plot demonstrates the binding effect of 


sodium polyacrylate on amphetamine, Benadryl, and 
ephedrine 
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obtains a value of 97.09. Ideally, the equivalent 
weight of des-Cl-PCMS (at complete dehydrohalo- 
genation) should be 218.2/2 = 109.1. However, 
it is noteworthy that Garrett and Guile (4) point out 
that their calculations indicate that for « 1:1 molar 
ratio of reactants, the molar ratio of monomers in 
the similar PMS case, is 0.890:1. If this is taken 
into account, the true equivalent weight is more 
approximately 102.8. Graphical analysis provides 
a value of 97.09, a value which seem 
able considering the nature of the iwaterial being 
studied. The equivalent weight of the sodium salt 
would then be approximately 120 

Equilibrium Studies of Sodium Poiyacrylate 
System.—It an earlier report 
from these laboratories (8) that sodium polyacrylate 


to be accept- 


has been shown in 





BINDING OF PROCAINE 
& PYRIBENZAMINE witx 
POLYACRYLATE 


—— DONNAN 


@ PBZ 


O PROCAINE 








O-NWAOO AY 





O O02 O04 O6 O8 10 
MEQ OF DRUG IN SYSTEM 


Graph indicates the binding effect of 
polyacrylate on Pyribenzamine and pro- 


Fig. 3 
sodium 
caine 


is effectively dissociated to an extent of 14% From 
this information, the expected Donnan effects were 
determined as explained (1 

Figures 2 to 4 illustrate the effect of increasing 
the total amount of drug in the system on the ratios 
of the drug concentration inside to drug concen 
tration outside the membrane, at constant poly- 
acrylate concentration, when solutions of the drugs 
brought to equilibrium with polyacrylate 
across a semipermeable membrane. In the presence 
of sodium chloride (isotonic), which eliminates the 
significance of the Donnan effect, the drug ci/c 
ratios drop to 1 approximately, except in the cases of 
quinine and Benadryl.® The latter are shown in 
Fig. 4 

The shape of the curves indicates that the Don 
nan effect exerts considerable influence on the phe- 
nomena. The curves describe quite similar paths in 
every case except that of quinine, which compound 


were 
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—— DONNAN INO SALT) 


@ QUININE (NO SALT) 


© QUININE IN SALINE 


@ BENADRYL IN SALINE 


oO 


QUININE- & 
BENADRYL POLYACRYL- 
ATE BINDING IN THE 

PRESENCE OF SALT 








—— le " 


O O02 O04 O06 O8 10 
MEQ OF DRUG IN SYSTEM 


Fig. 4.—Plot illustrates the binding tendency of 
sodium polyacrylate toward Benadryl in saline and 
toward quinine both in the presence and in the 
absence of salt 





in general forms aggregates so readily that quantita- 
tive treatment of its behavior is not easily 
plished It would be desirable to know the binding 
tendency of polyacrylate itself, that is, the ability 
of polyacrylate to hold drug cations in excess of the 
amount that 
effect. To achieve this, t 


accotm- 


is constrained because of the Donnan 


he amount of drug inside 





EFFECT OF EPHEDRINE 

CONCENTRATION ON 

THE AMOUNT BOUND 
TO POLYACRYLATE 


MEQ BOUND 








O° s + 
. £2 2 @ © . & Te we 
RECIPROCAL OF MEQ OF DRUG IN SYSTEM 





Fig. 5.—Graph illustrates the unsuitability of 
determining the y-intercept from this type of plot 
See text for details 
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the membrane bags, because of the Donnan effect, 
was subtracted from the amount actually present in 
the bags. This difference then may be designated 
as the amount bound. To find the limit of this 
amount bound as drug concentration approaches 
infinity, plots of the amount bound versus 1/c were 
made. The curves for the ephedrine, 
amphetamine, Benadryl, and Pyribenzamine® sys 
tems are very similar; Fig. the graph for the 
ephedrine system is typical. As mentioned, the 
Donnan effect has apparently caused the curves to 
assume a pseudo-hyperbolic form. This quit« 
effectively prevents from obtaining the y- 
intercept with any degree of certainty using the 
various conventional log, log-log, log-reciprocal, or 
power or root plots. 

However, for these rather dilute systems it is 
convenient to consider the overall or total binding 


procaine, 


one 





LANGMUIR PLOT OF 
POLYACRYLATE SYSTEMS 


Oo PROCAINE 
@PYRIBENZAMINE 








2 _ 6 8 10 
17C 
Fig. 6.—Plot shows the convenience of considering 


the overall or total binding phenomena as a single 
adsorption phenomenon. 





phenomena (including the ‘‘ Donnan-binding"’) as an 
adsorption Langmuir have 
been made on this basis and are illustrated in Figs 
6 and 7. These figures show the result of plotting 
1/y, the reciprocal of the total amount bound, versus 
l/c, the reciprocal of the total drug concentration 
The intercepts on the ordinate axes can be used to 
determine the limiting ratio of the number of mol« 

cules of drug effectively bound per carboxyl group 
in the polyacrylate molecule at very high drug con 

centrations. As 1/¢ goes to zero, l 
for the amphetamine, ephedrine, 
Pyribenzamine systems. Hence, y = 0.5, and it 
appears that the PE: Drug ratio is 2:1; that is, two 
milliequivalents (MEQ) of the polyacrylate bind 
one MEQ of cation. Similarly, the PE: Drug ratio 
was found to be 1:1 for Benadryl 


phenomenon plots 


¥y approache s2 


procaine, and 
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I6—F LANGMUIR PLOT OF 
POLYACRYLATE 
14 SYSTEMS 


@BENADRYL 


O AMPHE TAMINE 
@ EPHEDRINE 











“ 6 lO 


17C 


Treatment of these polvacrylate systems 


parallels that illustrated in Fig. 6 





r DISSOCIATION OF SODIUM PMS 


y°) 
oO 


A 
4 


SLOPE = 0.225 











2 3 a 5 6 . 7 8 
TOTAL PMS (EQL'x«!lO ) 
Plot shows that sodium PMS is 22.5% 
dissociated in solution 








DISSOCIATION OF 
SODIUM DES-CI-PCMS 


SLOPE= 0.75 








| 2 3 4 5 6 7 8 
TOTAL DES-CI-PCMS (EQL'x10™) 


Plot shows that sodium des-Cl-PCMS is 
75% dissociated in solution 
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It may be pertinent to mention here that the ap- 
parent existence of the Donnan effect in these sys 
tems means that polyacrylate iens retain 
their existence as such. Therefore the binding of 
cations that takes place must involve either the 
dissociation of more sodium than the 14°) value 
would indicate with subsequent replacement by 
organic cation or involve other nonionic intermolec- 
ular forces. Examination of the interacting 
structures and recognition of the existence of the 
Donnan effect would seem to indicate that the for- 
mer mechanisms predominate 

The observation then that the PE: Drug ratio is 
predominantly 2:1 and therefore is not extremely 
strong is not surprising 
the visible or gross results 


some 


It was also observed that 
Table I) seem to indicate 
a reduced tendency toward precipitate formation in 
this system as compared to the styrene copolymer 
systems. Also, the effect of the salt concentration 
If the binding of the cations is not 
firm, one would expect the relatively large concen 


was great. 





= 


EXAMPLES OF 

NON-DONNAN 

BEHAVIOR IN PMS 
SYSTEMS 


—— DONNAN 


@ PYRIBENZAMINE 


a 


O PROCAINE 


a 








Oo m a << nm s a s a + 
0 O02 04 O06 O8 10 
MEQ OF DRUG IN SYSTEM 


Fig. 10.—Graph demonstrates the absence of the 
Donnan effect in systems containing sodium PMS 





tration of sodium ions to compete effectively for any 
available binding sites. This has been shown to be 
the case, since the drug ¢;/¢») ratios drop to 1, except 
in the quinine and Benadryl cases (Fig. 4 for these). 
This difference in the behavior of Benadryl was 
also evidenced by its PE: Drug ratio of 1:1 
than the 2:1 ratio of the cas 
conclusions 

Equilibrium Studies of Styrene Copolymer Sys- 
tems.—The effective dissociation of sodium PMS 
and sodium des-Cl-PCMS was determined as pre 
viously described (8 Figures 8 and 9 indicate 
that sodium PMS and sodium des-Cl-PCMS are, 
respectively, 22.5% 


, rather 


s affected by these 


and 75% dissociated 
When the effect of increasing the total amount 
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of drug in the system on the ratios of the drug con- 
centration inside to drug concentration outside, at 
constant studied 
as was done with the polyacrylate system, it was 
discovered that the characteristic pseudo-hyperbolic 
curves of the Donnan effect obtained 
Rather, curves of the type shown in Figs. 10 and 11 


cr ypolymer concentration, was 


were not 


were obtained 

Since it appeared that the Donnan effect was not 
operative at all, the analysis of the data seemed to 
require a procedure somewhat different than that 
employed in the interpretation of the polyacrylate 
The method Langmuir for 
handling adsorption phenomena was used without 
modification. The intercepts of Figs. 12 to 14 indi 
cate the value of 1/y at infinite concentration of 
drug; that is, they enable one to determine the 
number of MEQ of drug that one MEQ of copolymer 


system used by 





30 
28 
26 
24 
22 
20 


EXAMPLES OF 
NON-DONNAN BEHAVIOR 
IN DES-CI-PCMS SYSTEMS 


—— DONNAN 


O PYRIBENZAMINE 


@ PROCAINE 











06 O8 10 


04 
MEQ OF DRUG IN SYSTEM 


0.2 


Fig. 11.--Graph demonstrates that the Donnan 
effect appears to be nonoperative in systems con 
taining sodium des-Cl-PCMS 


would bind if an infinite amount of drug was avail 
able As l/c zero, 1/y approaches Os 
Hence y = 2, and it appears that the PE: Drug 
ratiois 1:2. Thusa much greater binding tendency 
is observed with these styrene copolymers than with 
polyacrylate. This is borne out also by 
observations (Table I 

Although the 
different behavior with respect to their titration 
properties and the effective dissociation of their 
sodium salts, it sé s that their total binding tend 
toward the cations studied is essentially the 

However, the manner in which their bind 
well be a balance be 


goes to 


the gross 


two styrene copolymers exhibit 


ency 
same 
ing action takes place may 
tween and a combination of 
the ions and a binding due to less explicit intermol- 
ecular forces and the squeezing-out effect of water 
itself. From the degrees of dissociation of these 


ictual coacervation of 
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LANGMUIR PLOT OF 
PMS SYSTEMS 


@ PROCAINE 
O AMPHETAMINE 


@® PYRIBENZAMINE 











0 
0 


Fig. 12.—Plot makes possible the determination 
of the number of milliequivalents of drug that one 
MEQ of sodium PMS would bind if an infinite 
amount of drug was available 


copolymers one might expect the former mechanism 
predominant with des-Cl-PCMS and the 
mechanisms with PMS. In the light of 


to be 
latter 





LANGMUIR PLOT OF 
PMS SYSTEMS 


O EPHEDRINE 


@® BENADRYL 











\/C 


Fig. 13.—-Plot makes possible the determination 
of the limiting amount of drug that one MEQ of 
sodium PMS will bind as the concentration of drug 
increases 
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what has been said one would also expect the salt 
effects to be less in these cases than in the poly- 
acrylate system The limiting c;/c, ratios for the 
PMS system were as follows: amphetamine, 1.0; 
Benadryl, 3.1; ephedrine, 1.1; procaine, 1.1; 
Pyribenzamine, 1.7. The ratios for the des-Cl 
PCMS system were: amphetamine, 1.3; Benadryl, 
2.8; ephedrine, 1.2; procaine, 1.2; Pyribenzamine, 
1.5. If the salt concentration had not 
the system, larger ratios might have been expected 
However, the ratios that were obtained do indicate 
that the effect of the salt is less; that is, the bound 
organic cations are not as readily displaced by the 
sodium ions in the styrene polymer systems as in 
the polyacrylate system 


“swamped” 





LANGMUIR PLOT OF 
SEVERAL DES-CI-PCMS 
SYSTEMS 


@ PROCAINE 

@© EPHEDRINE 

@ AMPHETAMINE 
@ PYRIBENZAMINE 
O BENADRYL 











Fig. 14.--Treatment of the des-Cl-PCMS systems 
parallels that of the PMS systems shown in Figs 
12 and 13 


Examination of these more complex interacting 
structures indicates that the binding and complexing 
tendencies of these copolymers containing phenyl 
groups ought to be more pronounced than those of 


SCIENTIFIC EDITION 


the polyacrylate chain. From the standpoint of an 
approaching small molecule the individuality of the 
separate copolymer links may probably be sub- 
merged in the totality of the surface pattern of the 
polymer. Hence, a specific binding site of a single 
copolymer unit probably would represent a new 
quality that is more than the sum of copolymer resi 
dues. The characteristics of each such site may de 
pend not only upon the properties of its carboxyl 
groups but also upon those of neighboring nonionic 
residues, and upon steric hindrances to approaching 
molecules, and surface configurations affecting the 
strength of van der Waals forces 


CONCLUSIONS 


the interactions of 


several drug cations with three anionic poly 


1. From this study of 
electrolytes it appears that binding takes place by 
(a) coacervation of oppositely charged ions, (b) 
additional intermolecular force phenomena, and 


or by (c) replacement of bound sodium by or 


ganic cations. 

2. Polyacrylate ion binds amphetamine, ephe 
drine, procaine, and Pyribenzamine cations in a 
ratio of PE:Drug = 2:1 by mechanism (c). 
Benadryl appears also to be bound similarly in a 
1:1 ratio. 


3. The copolymer ions PMS and des-Cl- 
PCMS seem to exhibit their complexing activity 
by means of mechanisms (a), (b), and (c). The 
PE: Drug Benadryl, 


ephedrine, 


ratio for amphetamine, 


procaine, and Pyribenzamine has 
9 


been found to be 1 
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A Kinetic Study of the Acid-Catalyzed Hydrolysis 


of Procainamide* 


By ARNOLD D. MARCUS and ANTHONY J. TARASZKA 


The degradation of procainamide in highly acidic aqueous media has been shown 


to occur virtually entirely through hydrolytic cleavage of the amide function. 


The 


reaction is first order with respect to procainamide and directly dependent upon 


hydrogen ion concentration. 


The temperature dependency of the hydrolytic re- 


action has been determined and the catalytic constants evaluated. Although the 

activation energy is apparently much too low in view of the expected effect of the 

p-ammonium substituent on the acid moiety, the apparent difficulty is resolved by 

showing that, under the conditions employed, procainamide may respond like an 
ester rather than an amide. 


‘T= COMMUNICATION reports the results of a 

kinetic study of the specific hydrogen ion 
catalyzed hydrolysis of procainamide, a fairly 
typical benzamide which has been shown to be 
unusually stable towards hydrolysis in the pH 


range 2-7 even at elevated temperatures (1). 
Though numerous compounds which are im- 
portant from a pharmaceutical standpoint con 
tain an amide function, there have been few 
quantitative studies concerning the hydrolytic 


This lack 


perhaps been due, in part, to the relative stability 


stability of such compounds has 


of amides as compared, for example, with the 
esters. It is, therefore, 
that 


which have been reported were largely empirical 


structurally similar 


doubly unfortunate many of the studies 
in character and provided information extremely 
limited in value 

Che specific hydrogen ion-catalyzed hydrolysis 
of procainamide is of more than just casual in 
terest for at least two reasons. Since in strongly 
acid systems procainamide is present as a doubly 
charged cation, it might be expected that hydro 
gen ion-catalyzed hydrolysis of such a substrate 
Fig. 1, 
activation 


would be associated with a rather high 
Meloche 


have reported that electrophilic substituents on 


energy and Laidler (2) 


the aromatic nuclei of substituted benzamides 


cause an increase in the activation energy as 


wid-catalvzed hydrolysis of these 
hus, at 


sociated with 


compounds least two factors would 


apparently be operative in requiring a high heat 
of activation for the acid-catalyzed hydrolysis of 


procainamide On the other hand, recent studies 


concerning the specific hydrogen ion-catalyzed 


* Received April 13, 1956, from Rutgers University Col 
lege of Pharmacy, Newark 4, New Jersey 

The authors wish to express their appreciation to Elliott 
Bartner of the Squibb Institute for Medical Research for the 
genero.s samples of Pronest y!l® and for 
his aid in securing the illustr They would also like 
to express their sincere appreciation to Dr. Takeru Higuchi 
of the University of Wisconsin School of Pharmacy for his 
valuable s iggestions concerning the analytical procedure and 


for his helpful dis ssions relative to the entire investigation 


procainamide 
ations 


cleavage of the amide function of chlorampheni- 
col (3), have shown that although this amide 
exists as a singly charged cation in acid media 
hydrogen ion-catalyzed hydrolysis is associated 
with a lower activation energy than would be 
expected from theoretical considerations. 
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Figure | 


In view of these possibly conflicting results, 
this investigation was undertaken with the twin 
objectives of determining both the kinetics of the 
acid-catalyzed hydrolysis of procainamide and 
the effect of the electrophilic amide N-substituent 
This 


latter objective was particularly interesting in 


upon the apparent activation energy. 
view of the results of Meloche and Laidler since 
the aromatic nucleus also contains a strongly 


electrophilic substituent 


DISCUSSION OF THE 
EXPERIMENTAL METHOD 


Despite the previously noted resistance of pro- 
cainamide to hydrolysis, oxidative decomposition 
proceeds quite readily even at pH 3. It was, there 
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fore, necessary to choose a reaction medium in which 
the rate of oxidation would be negligible compared 
with the rate of hydrolysis. In order to avoid the 
possibility acid-catalyzed 
it was necessary to employ an 
virtually totally dissociated 
conditions used in this study It 


of general hydrolysis, 
acid 
under the 
was found that 
perchloric acid solutions ranging in concentration 
from 0.2 to 1.2 M fulfilled these requirements 

rhe similarity in the ultraviolet spectra of pro 
cainamide and 


also 
would be 


which 


acid necessitated 


separation of these two compounds prior to deter 


p-aminobenzoic 


mination of residual concentrations of intact amide 


This separation was achieved by adjusting aliquots 


of the reaction mixture to pH 9.5 prior to extracting 
the procainamide with chloroform. The data in 
rable I indicate the accuracy and precision of the 
inalytical procedure 


ras.e | RECOVERY OF UNDEGRADED 


PROCAINAMIDI 


lheoretical Recovered 
mg 


Recovered 


99.2 
gO 7 
O89 
100.0 
100.0 
100.9 
100.3 


EXPERIMENTAL 


Reagents.—All chemicals were of analytical re 
agent grade 

Procedure.— Four hundred milligram portions of 
procainamide were weighed into 100-ml. volumetric 
flasks with the aid of small glass funnels. Any of 
the compound adhering to the sides of the funnels 
was washed into the flasks with approximately 90 
ml. of the appropriate solution of perchloric acid 
rhe flasks were then placed in a thermostatically 
controlled bath set to the desired temperature and 
illowed to reach the temperature of the bath. At 
that point, the contents of each flask was brought 
up to the mark with the proper perchloric acid solu- 
When 
equilibrium was again reached, the first 5-ml. ali 
quot was withdrawn the “O” 


hour sample 


tion and the flasks were securely stoppered 
and designated as 


Samples, exactly 5 ml. in volume, were withdrawn 
with volumetric pipets at suitable intervals and 
diluted with 0.5 M, pH 9.5 carbonate-bicarbonate 
buffer in 100-ml. volumetric flasks. Five-milliliter 
iliquots of these dilutions were then transferred to 
30-ml 
10-ml 
extracts 


funrels and extracted 
f The chloroform 
made up to volume 
with absolute methanol in 100-ml1. volumetric flasks 
The content of the chloroform 
methanol solutions was 


separatory 
pt rtions 


with two 
of chloroform 
were combined and 
procainamide 
determined spectrophoto 
metrically at 273 my 

rhe concentration in the 
aqueous phase remaining in the separatory funnels 
was determined Accurately measured 
aliquots were withdrawn with volumetric pipets, 


transferred to 10-ml. volumetric flasks and made uy 


p-aminobenzoate 


as follows 
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to volume with buffer. The p-aminobenzoate con- 
centration was then determined spectrophotometri- 
cally at 265 my. 


DISCUSSION OF THE 
EXPERIMENTAL RESULTS 


Order of the Reaction. 
degradation of 


As shown in Fig. 2, the 
procainamide is first order with 
respect to the amide over a range of temperature 


and hydrogen jon concentration. These first order 





Procainamide Concentration - mcg./ml. 


——o 0.224 M. HCIO4, 97.30° C. 
~--0 0,893 M. HCIO4, 91.30° C. 
—* |.12M. HCIOg, 85.30° C. 











10 20 30 40 50 
Time in Hours 


Fig. 2.— Plots showing the reactions studied to be 


strictly first order with respect to procainamide and 
to be highly reproducible under a varicty of experi 
mental conditions 


relationships, along with the reproducibility of the 
data, strongly imply that the under in 
ind probably hydrolytic in 


These evidenc 


reaction 
vestigation was simple 
character es did not, however, rule 
out the possibility that 
were contributing to the 
In order to establish the 
ter of 


oxidative or other reactions 
overall degradative picture 
purely hydrolytic charac 


the degradative reaction, it 


H was necessary to 


show that the disappearance of each molecule of pro 
cainamide was accompanied by the appeararce of 
a single molecule of p-aminobenzoic acid It is 
evident from Fig. 3 that this molecule-for-molecule 
relationship is indeed satisfied 
fore, to conclude that 
ploved for this study, 
tually entirely 
linkage 


It is also evident from Fig 


It is pt ssible, ther« 
the conditions 
degradation 


under em 
proceeds vir 
through hydrolysis at the amide 
4 that degradation is 
not only first order with respect to procainamide, 
but linear with hydrogen ion concentration as well 
In these respects, the behavior of procainamide is 
typical of amides in general and benzamides in 
particular (2-5 The values for the catalytic 
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Fig. 3.—-Plots showing the influence of hydrogen 
ion concentration upon the rate of hydrolysis of 
procainamide at different temperatures 


Ma 











constants for the hydrogen ion-catalyzed reactions 
are given in Table II in terms of a order 
reaction 


second 





Found by direct analysis for PABA 


© Calculated from residual concentrations 
of undecomposed procainamide 
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Ww 


~ Milligrams /5 mi. 
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Fig. 4.—-A plot showing the rate of appearance of 
p-aminobenzoic acid accompanying the hydrolysis 
of procainamide. The excellent agreement between 
the rate as calculated from residual concentrations 
of undegraded procainamide and as determined by 
direct analysis for p-aminobenzoic acid is conclusive 
evidence that under the conditions employed in 
this study, degradation occurred virtually entirely 
through hydrolytic cleavage of the amide link in 
procainamide. 
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Tas_e II.—-Cata.tytic CONSTANTS FOR THE HyprRo- 
GEN Ion-CATALYZED HYDROLYSIS OF PROCAINAMIDE 


ku” Liters 
Moles ~! 
Hours ~' 
0.0523 
0.0379 
0.0272 


Tem- 
perature, 
— 
97 30 
91.30 
85.30 


Temperature Dependency.—Unlike the typical 
behavior noted previously, the activation energy 
obtained for the hydrogen ion-catalyzed hydrolysis 
of procainamide is decidedly atypical. This activa 
tion energy, as determined from the Arrhenius type 
plot shown in Fig. 5 is a surprisingly low 13.0 
Keal./mole. This low activation energy is particu- 
larly difficult to explain in terms of the mechanisms 
which have been previously proposed for the acid- 
catalyzed hydrolysis of amides since each of these 
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Fig. 5.—An Arrhenius type plot showing the 
temperature dependency of the acid-catalyzed 
hydrolysis of procainamide. The heat of activ- 
ation as determined from this plot is 13.0 Keal. 
mole. 


283 


mechanisms requires protonation of the amide and 
subsequent cleavage of the protonated substrate 

Inasmuch as, in acid media, procainamide al- 
ready exists as a doubly protonated species, it would 
appear that specific hydrogen ion-catalyzed hydroly- 
sis would require a substantially higher activation 
energy. It should be noted, however, that this 
apparently anomolous situation is somewhat simi- 
lar to that reported for chloramphenicol (3). It 
should be further noted that even if the two positive 
charges on the substrate were ignored, other factors 
would still point towards a much higher activation 
energy. 

As mentioned previously, Meloche and Laidler 
have reported that electrophilic substituents on the 
acid moieties of substituted benzamides cause an 
increase in the activation energy associated with 
acid-catalyzed hydrolysis. These authors indicate, 
and are supported by the more recent work of 
Bender and Ginger (4), that protonation of the 
amide function prior to hydrolytic cleavage may be 
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directly attributed to the basic character of the 
amide nitrogen. Electrophilic substituents on the 
aromatic nucleus, by decreasing the basicity of the 
amide nitrogen, make protonation more difficult 
and thereby hinder ionic cleavage of the carbon 
nitrogen bond. As a result, the energy of activation 
required for the hydrolytic reaction is greater 

If this above reasoning could be accurately ap 
plied to the acid-catalyzed hydrolysis of pro 
cainamide, it would again appear difficult to ex 
plain the low energy of activation as determined 
experimentally. Not only is the p-ammonium 
function on procainamide at least as electrophilic 
as a p-nitro function, but the aliphatic ammonium 
function would tend to further decrease the basicity 
of the amide nitrogen. We might, therefore, expect 
the activation energy when considered from this 
standpoint to approach, perhaps, 30 Kceal./mole 
In addition, it seems far more plausible to regard the 
presence of two positive charges on the substrate 
and the electrophilic effects of the p-ammonium 
substituent as additive factors rather than alterna- 
tives. Essentially then, the previously postulated 
mechanisms for the acid-catalyzed hydrolysis of 
amides do not seem to hold for procainamide 


MECHANISM OF THE REACTION 


Though the low activation energy for the hydro 
gen ion-catalyzed hydrolysis of procainamide does 
not, initially, lend itself to explanation in terms of 
previously postulated mechanisms of amide hydroly 


sis, a more thorough inspection does provide a 
possible explanation. Meloche and Laidler (2) have 
noted that although electrophilic substituents on the 
aromatic nuclei of benzamides result in a high heat of 
activation, the effect of the same substituents in 
similarly catalyzed hydrolyses of esters have the 
reverse effect. That is, they tend to decrease the 
activation energy These authors indicate, as 
do Bender and Ginger (4), that this opposite effect 
may be directly attributed to the fact that an amide 
nitrogen is generally a stronger base than an ester 
oxygen. Asa result, the focus of attack in esters is 
the carbonyl function, whereas the site of protona 
tion in amides is the amide nitrogen. In this con- 
nection it is interesting to note the report of Karve 
and Kelkar, (6) which indicated that for the acid- 
catalyzed hydrolysis of anilides, electrophilic 
substituents on the acid moiety resulted in a de 


Meloche and Laidler have reported (2) that the activation 
energy for the acid-catalyzed hydrolysis of p-nitrobenzamide 
exeeeds 26 Keal./mole Though their study was carried 
out in a hydroalcoholic medium, it does not seem likely that 
the great difference in activation energy could be attributed 
to solvent effects alone 
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creased activity energy Thus, anilides apparently 
respond like esters rather than amides with respect 
to acid-catalyzed hydrolysis. 

If, in the case of anilides, it can be assumed that 
the N-phenyl substituent is sufficiently electro 
philic to reduce the basicity of the amide nitrogen 
sufficiently so that the response of anilides would be 
closer to that of esters than amides, it may also be 
possible to explain the apparently low activation 
energy obtained in this study. That is, the electro 
philic 8-diethylammoniumethy! substituent might 
also reduce the basicity of the amide nitrogen so 
that procainamide, too, would respond like an ester 
rather than an amide in terms of the effect of the 
electrophilic p-ammonium substituent. Even if it 
should be said that neither an N-phenyl nor a £- 
diethylammoniumethy! substituent would reduce 
the basicity of an amide nitrogen to the level of an 
ester oxygen, it certainly does appear that both 
anilides and procainamide represent at least inter 
mediates between esters and amides.? 

In summary then, the apparently low activation 
energy for the hydrogen ion-catalyzed hydrolysis of 
procainamide may possibly be attributed to the fact 
that there is a sufficient reduction in the basicity 
of the amide nitrogen that the substrate responds 
like an ester or an anilide rather than an amide. 
The p-ammonium function seemingly tends to re- 
duce the activation energy just as it would if the 
substrate was an ester or an anilide. The activation 
energy may, therefore, be regarded as representing 
the algebraic sum of the electrophilic character of the 
p-ammonium substituent which would tend to lower 
the activation energy and the repulsive effect of the 
two positive charges which would tend to increase 
the activation energy 

In order to determine precisely the effect of the 
8-diethylammoniumethyl! group upon the activation 
energy additional studies concerning the acid- 
catalyzed hydrolyses of ethyl p-aminobenzoate and 
procaine itself are contemplated 
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Inhibition of Hydrolysis of Esters in Solution by 
Formation of Complexes IIL. 


Stabilization of Tetracaine with Caffeine 
By LEON LACHMAN? and TAKERU HIGUCHI 


A study of the tetracaine hydrochloride-caffeine system has shown that the hydro- 
lytic rate of the ester component is reduced in the presence of the xanthine in a man- 
ner similar to that of the benzocaine-caffeine and the procaine hydrochloride-caf- 
feine systems. Evidence seems to indicate however, that the stoichiometry of the 
complexing reaction is different from the previous cases. The data obtained are best 
rationalized on the basis that tetracaine ion forms two types of complexes in solution, 
the first consisting of two caffeine molecules to one tetracaine ion and the second of 
two tetracaine ions to one caffeine molecule. According to the present findings, 
addition of one-half per cent caffeine to a similar concentration of tetracaine hydro- 
chloride in water, for example, reduces the hydrolytic rate by thirty-five per cent. 
In the presence of two per cent caffeine, the rate of hydrolysis is only one-third that 
of the caffeine-free solution. 


p« VIOUSLY, in this series (1. 2). evidence was sults from our present investigation indicate the 
presented showing that the rate of hydrolysis existence of such reactions - 
‘ : In a manner analogous to the partition method 
of benzocaine and procaine hydrochloride in employed in previous studies (2, 3), it was possible 
aqueous solution was substantially decreased by to determine the extent and nature of the complex- 
addition of caffeine rhe present communica ing reaction. Because tetracaine ion is essentially 
insoluble in hydrocarbon solvents, especially in 
aliphatics, the degree of complexing was followed as 
before by determining the caffeine concentration in 


tion is related to a similar investigation of the 
possible influence of caffeine on the hydrolytic 
rate of tetracaine hydrochloride in neutral 


aqueous solutions. The present experimental 





- = ~ 
tetracaine ition reacts with the caffeine to form 


findings can be rationalized on the basis that the 50p 


two types of complexes in solution, one appar 
ently consisting of two caffeine molecules to one 


tetracaine ion and the other consisting of two 


a 
oO 


tetracaine ions to one caffeine molecule Phe 
kinetic data indicate that the complexed ester 
igain cleaves at an insignificant rate as compared 


to the free parent drug 


Ow 
oO 


COMPLEXING BEHAVIOR OI 
TETRACAINE ION-CAFFEINE 
SYSTEM 


No previous study seems to h ween made on 
the tendencies of tetracaine t rm complexes 
Inasmuch as it is similar in structure to procaine and 
benzocaine, it is reasonable to assume that a certain 
degree of complexing may be expected to take place 


between caffeine and the dimethvlaminoethanol 


PARTITION COEFFICIENT 


derivative of para tvlaminobenzoic acid Re- 
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TABLE | VARIOUS 


EQUILIBRIUM CONSTANTS AT 


Original 
Concn. of 
Caffeine 
n Water 


Concn. of Concn. of 
letracaine Caffeine 
HCl in in Water 
Water Layer 
108 103 x 1K x 10 
Moles /I Moles/I ‘ Mol 


20 .7 0 


2NININI Doe ee OFC 


Iz 


orm toe CoC 


the immiscible organic laver It was assumed again 
for all practical purposes that the concentration of 
caffeine in the organic layer was a true reflection 
of only the monomeric caffeine species in the water 
layer. The partition isotherm of caffeine shown in 
Fig. 1 extrapolates to a partition coefficient value 
of 20.0 at zero caffeine 
taken as the partition coefficient of the monomeric 
form alone. 

The experimental data Table I 
show that the caffeine concentration in the organic 


concentration, which was 


presented in 


layer decreases with an increase in concentration of 
tetracaine hydrochloride in the system. This was 
assumed to be due to formation of water-soluble 
complexes between caffeine and tetracaine ion 
With the aid of the partition coefficient of caffeine, 
the concentration of the free caffeine and the amount 
of caffeine that is tied up in the complexes can be 
calculated by using the method as outlined pre- 


4 The equilibrium constants appearing 


viously (2 
in the last column of the tabl 
one complexing reaction 


were calculated on 
the assumption that only 
takes place according to the equation: 


Tetracaine ion + 2 Caffeine = 

Tetracaine ion-2 Caffeine (1 
The equilibrium constant for this reaction can be 
written as 
K. = 


Tetracaine ion-2 Caffeine] 


[Caffeine] *yonomer/ Tetracaine ion] (2 
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CONCENTRATIONS CAFFEINI 


) 


OF CALCULATED FROM 


ota 
mcn. of 

Free 
Caffeine 
n Water 

and 
Organic 
Layer 
108 


Mole 
20) 


or 


Equilibrium 


Constant 


iter?, Moles 


] 
l 
l 


10 
10 
10 
41 
21 
20 
19 
18 


ee i 


,000 
,O10 


> 


S50 
SSO) 
S10 
860 


, a 


Toe | 


890) 
S50 
840 
850 
900 


=m AO O16. 


900 
920 
SOD) 
RR) 
SSL) 


7K 


Phe Eq. 2 


ind presented in 


by 
they 


determined 
that 
tetracaine 


equilibrium constan 
Table | 
independent of 
chloride concentration at 


indicate are 
the hydro- 
iny given concentration of 


effectively 
caffeine. Some deviation in the equilibrium con- 
stant is apparent, however, when the concentration 
of caffeine is varied seen that A¢ varies 
1200 Liter it low caffeine con 
centrations to about 800 Liter?/ Moles? at high 
caffeine Phis 
explained on the basis that an additional reaction 
takes pl ict 


It can be 
Mok <? 


from about 


concentrations behavior can be 


iccording to the equation: 


Tetracaine ion = 
Caffeine-2 


Caffeine + 2 
retracaine ion (3 
The 


can be 


equilibrium constant for this second reaction 


written 
tracaine 10on 


letracaine ton]? (4 


K.’ = [Caffeine-2 Ts 
[Caffeine] 
i value of 2,000 Liter?/Moles? is assumed for 
K,’, the first constant, Ke, 
is found to hold over the entire range of study at 
approximately 900 Liter?/ Moles? 
2 there 


this second cé 


mstant, 


In Fig 
tions, 


ire plotted graphical representa- 
showing the relationship between the molar 
concentration of caffeine in the complex resulting 
from varying amounts of tetracaine hydrochloride 
for several concentrations of caffeine 
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CAFFEINE IN COMPLEX MOLES/L. XI0% 











02 O3 
GM TETRACAINE HCL 
PER 25 ML. HOH 


Fig \ plot of the concentration of caffeine in 
complex against tetracaine hydrochloride concen 
tration. O—0.100 Gm. caffeine in 25 ml. of 
aqueous phase, 0.200 Gm. caffeine in 25 ml. of 
aqueous phase, ®—0.300 Gm. caffeine in 25 ml. of 
aqueous phase, 0 


-).400 Gm. caffeine in 25 ml. of 
aqueous phase, @-—0.500 Gm i 
aqueous phase 


9 


caffeine in 25 ml. of 


CHEMICAL KINETIC STUDY 


For the purpose of evaluating the effect of the 
complexing action of caffeine on the rate of hydro 
lytic breakdown of tetracaine hydrochloride, the 
chemical kinetics of the hydrolytic reaction 
studied experimentally in the absence and presence 
of the complexing agent Rae (4) found that the 
rate of breakdown of tetracaine in solution increased 
with temperature and pH. Bullock and Cannel (5) 
and Crotty (6) also investigated the kinetics of the 
hydrolysis of tetracaine, the latter making a rather 
thorough quantitative study of the system 

The experimental data from the present rate 
study on the hydrolytic breakdown of tetracaine 
hydrochloride in water in the absence and presence 
of caffeine are shown in Fig. 3 and Table II 


was 


ras.e Il HE 
HALF-LIFE OF 
PHOSPHATE 


INFLUENCE OF CAFFEINE ON THE 
TETRACAINE HYDROCHLORIDE IN A 
BUFFER SOLUTION AT pH 7 AND at 30° 


Caffeine Used Half-Life, Hr 
0 1, 735 

0. 2 700 

3, 500 

1 400) 

5,300 

>, 100 
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The hydrolytic reactions were run in aqueous 
solutions at 30° C. Prior to starting the degrada- 
tion study, the solutions were buffered to a pH of 7 
with a phosphate buffer. 

The rate of appearance of p-butylaminobenzoic 
acid at different concentrations of caffeine in phos- 
phate buffer solution is Fig. 3. The 
apparent rate constant and the half-lives can be 
calculated from these data by using the relationships: 


shown in 


k = [d( p-Butylaminobenzoic acid) /dt} 
(Tetracaine HCl 


and 
ij, = 0.693/k (6) 


It is apparent from Table II that the addition of 
caffeine strongly retarded the hydrolytic rate of 
tetracaine. This can be accounted for only on the 
basis that the rate of breakdown of the complexed 
ester is extremely small as compared to the free 
tetracaine ion. Thus at 2.5% caffeine concen- 
tration, approximately 3'/>-fold increase in the half- 
life of tetracaine was induced by the addition of the 
complexing agent 

The influence of the degree of complex formation 
on the overall rate of tetracaine hydrolysis is evi- 


dent in Fig. 4. The lower, nonlinear curve, is a plot 





PLOT SHOWING APPEARANCE OF 
PARA-BUT YLAMINOBENZOIC ACID 
IN AQUEOUS SOLUTIONS OF 
TETRACAINE HCL AND 

CAFFEINE AT 30°C. 
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Fig. 3.—A plot showing the effect of caffeine on 

the rate of hydrolytic degradation of tetracaine 

hydrochloride at 30° and at pH 7 (phosphate buffer): 

1—0.0°% Caffeine, 2—0.5% Caffeine, 3—1.0% 

Caffeine, 4—1.5% Caffeine, 5—2.0°, Caffeine, 
6—2.5°, Caffeine. 
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DEPENDENCE OF RATE CONSTANT 

ON FRACTION OF FREE TETRACAINE 

HCL IN SOLUTION OF CAFFEINE 
AND TETRACAINE HCL 


(o2) 


uO 


Bs’ 


Ww 


i) 


A-0.0% CAFFEINE 
B- 0.5% CAFFEINE 
C- 10% CAFFEINE 
D- 1.5% CAFFEINE 
E- 2.0% CAFFEINE 
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Fig. 4.—-A plot showing the reaction rate of the 
hydrolysis to be directly proportional and a function 
only of the concentration of free tetracaine hydro- 
chloride in solution. 
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of the reciprocals of the observed half-lives of 
tetracaine at various caffeine concentrations against 
the concentration of per cent free tetracaine in the 
system calculated on the basis that two caffeine 
molecules were bound by each tetracaine ion. Ob- 
viously this situation cannot be true, since it would 
lead to a negative rate of hydrolysis for the com- 
plexed ester. The upper, linear curve, was cal- 
culated on the basis that two caffeine molecules to 
one tetracaine ion and two tetracaine ions to one 
caffeine molecule complexes are formed with 
Ke = 900 Liter?/Moles? and KK,’ =2,000 Liter?/- 
Moles? as previously suggested. This again leads 
to the conclusion that the hydrolysis of the free 
ester accounts for the entire breakdown rate. 
Experimental evidence appears to indicate that 
the behaviors of the complexing interactions be- 
tween benzocaine and caffeine (1) procaine ion and 
caffeine (2) and tetracaine ion and caffeine are 
somewhat different. In the benzocaine-caffeine 
system a complex composed essentially of one mole- 
cule each of benzocaine and caffeine is formed, 
whereas, in the procaine ion-caffeine system a com 
plex apparently of two molecules of 
caffeine to one procaine ion is formed. The inter- 
action in the tetracaine ion-caffeine system differs 
from the above in that there is evidence of forma- 
tion of two different complexes, one being of the 
ratio of two caffeine molecules to one tetracaine ion 
and the other of the ratio of two tetracaine ions to 
one caffeine molecule. From the above examples, 
it can be seen, that it is difficult to predict the nature 
of the complexing interaction of compounds with 
similar chemical structure. It is apparent that 


compe sed 
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there is still much to be learned concerning the 
mechanisms of molecular or molecular-ion inter- 
actions before any a priori statement can be made as 
to the exact stoichiometry of these interactions 

Although the results obtained from these studies 
indicate that caffeine tends to increase the stability 
of these esters, no general claim can be made as to 
the practical application of this phenomenon 
Until a study has been made on the possible pharma 
cological effect of caffeine when combined with these 
drugs, the use of this particular stabilization tech- 
nique is primarily only of academic interest. In 
these investigations a maximum concentration of 
2'/s per cent caffeine was utilized for stabilization 
purposes. For external and oral preparations, it is 
reasonable to that this concentration of 
caffeine will probably not exert its own pharma- 
cological activity to any measurable extent. It is 
also probable, that for most parenteral solutions in 
which caffeine is utilized as a preservative, no serious 
side effects would result at this caffeine concentra- 
tion due to the smallness of the dose and to the 
rapidity in which the dose is distributed throughout 
the body fluids. The usual dose of caffeine and 
sodium benzoate injection, U. S. P. contains 0.25 
Gm. or 0.50 Gm. of caffeine in 2 cc., whereas, 2 cc 
of aqueous pharmaceutical solutions containing 
2'/» per cent caffeine will contain only 0.050 Gm 
of caffeine in 2 cc 


assume 


EXPERIMENTAL 


Reagents—-Tetracaine HCl, Chemo Puro Prod., 
recrystallized from ethyl alcohol and absolute ethyl 
ether, m. p. 151-152°; caffeine, U. S. P., recrystal 
lized from water, m. p. 235-237°, p-butylamino 
benzoic acid, prepared according to the method of 
Ellin and Kondreitzer (7), recrystallized from 
thiophene-free benzene, m. p. 155-156°;  Silicic 
acid, Mallinckrodt chromatrography grade, 
used to prepare the columns, Diisopropyl ether was 
purified as described in the previous report (1) 
Benzene, thiophene-free, Eastman Kodak; Skelly 
solve-B and Skellysolve-C; distilled water 

Apparatus..—-Pyrex glass chromatographic col 
umns 45 cm. long and 2 cm. in diameter, a tight 
fitting glass plunger to pack the columns, Beckman 
model D U spectrophotometer, constant tempera 
ture bath set at 30.0 + 0.05° 

Chromatographic Columns—-The columns were 
packed according to the procedure of Higuchi and 
Patel (8). In preparing the slurry, 0.01 N sulfuric 
acid was used as the internal phase and Skellysolve 
C as the external phase 


was 


PROCEDURE 


Complexing Behavior of Tetracaine Ion-Caffeine 


System—The method employed was essentially 
the same as that of our previous study on procaine 
ion-caffeine system (2), and that of Higuchi and 
Zuck (3, 9) with the following modifications 
The organic layer in this system consisted of a solu 
tion of 30°, benzene and 70°; Skellysolve-B (v/v 

The analysis of the aliquot portions from the organic 
layer for caffeine content was carried out spectro- 
photometrically at 278 my. Several series of deter- 
minations were made at constant caffeine concen- 
trations of 0.100 Gm., 0.200 Gm., 0.300 Gm., 
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0.400 Gm., and 


tetracain 


0.500 Gm. per 25 ml. while the 
hloricde 


to 0.500 Gm. per 25 ml 


hydroc concentration was varied 
from 0.050 Gm 
Chemical Kinetic Study. 


employed in this study is substantially the same as 


rhe analytical method 


the one used in our previous investigation of the 


ion-caffeing 


’ 


procaine svstem However, it 


varies somewhat from our previous study in the 
following manner 

\ccurately weighed quantities of tetracaine hydro 
chloride or tetracaine and caffeine 
flasks Phe 
buffer at 
thermostati 


When 


tempera 


hydrochloride 


were placed into 100-ml. volumetric 
were dissolved in 


flasks were 


reagents 
30° and the 
cally controlled constant temperature bath 
the contents of the flask had reached the 

ture of the bath, buffer at 30° was added to bring 
the solution up to the desired volume rhe phos 
phate buffer was added to produce the desired pH 
for the hydrolytic reaction 


phosphate 
pl wed into a 


The progress of the reaction was followed by 
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sampling at certain time intervals, and the samples 
were assayed by the chromatographic method, in a 
manner similar to our previous study (2 How 
ever, in this study, the first 125 ml. of diisopropy! 
added to the chromatographic column was 
200-ml flask The 
flask was brought up to volume with diisopropyl 


ether 


collected in a volumetric 


ether and analyzed for p-butylaminobenzoic acid 


spectrophotometrically at 293 mu 
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Inhibition of Hydrolysis of Esters in Solution by 
Formation of Complexes IV.° 


Stabilization of Benzocaine with 1-Ethyltheobromine 


By LEON LACHMAN?, DAVID GUTTMAN}, and TAKERU HIGUCHI 


A synthetic caffeine homolog, 1!-ethyltheo- 
bromine, has been shown to complex with 
benzocaine. Although this interaction dif- 
fers from that of caffeine in a number of re- 
spects, the results indicate that | -ethyltheo- 
bromine is also effective in decreasing the 
rate of hydrolytic breakdown of the drug 
through complex formation. 


R' CENT COMMUNICATIONS from this laborator\ 


have shown that the hvdrolvtic cleavage 

significantly re 
It has 
for example, that the half-lives of 


certain aromatic esters can be 
tarded by complexing them with caffeine 
been shown 
and tetracaine ‘3 


benzocaine (1), procaine 


adding caffeine 


Phis 


differs from the previous studies in that a syn 


are substantially increased by 


to their aqueous solutions investigation 


has 
Che 
experimental results show that the complex for 


benzocaine 


thetic caffeine homolog, 1-ethyltheobromine 


been employed as the complexing agent 


mation which occurs between and 
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University of Wisconsin, Madison 

Supported in part by the Re arch Committee of the 
Graduate School from funds upplied by the Wisconsin 
Alumni Research Foundation 

t Present address Ciba Pharmaceutical Co., 
N 


t Present 


Summit 


address: Upjohn Co., Kalamazoo, Mich 


l-ethyltheobromine in aqueous solution also re 
suits in a substantial decrease in the rate of hy- 


drolysis o! .enzocaine. 


RESULTS AND DISCUSSION 


Complex Formation Between Benzocaine and 
1-Ethyltheobromine.——-The extent and nature of the 
interaction benzocaine and 1-ethyltheo 
bromine determined by a solubility method 
similar to ‘hat described by Higuchi and Lach (4) 
In this study the effect of 1-ethyltheobromine on the 
water solubility of determined 
Variations in the solubility were assumed to be due 
to complex formation 

rhe experimental results are summarized in Fig. 1 
rhis phase diagram appears to be analogous to that 
obtained by Higuchi and Lach (4) in their study of 
the paraaminobenzoic acid-caffeine system. It is 

n that with the initial additions of 1-ethyltheo 
bromine, the solubility of benzocaine increases in a 
linear manner. This solubilization can be ascribed 
to complex formation. At point A the solubility 
limit of a complex is reached. Further additions of 
l-ethyltheobromine result only in the precipitation 
of this complex. The benzocaine precipitated in 
this form is replaced by the dissolution of free solid 
benzocaine present under the conditions of this 
experiment, and the plateau AB results. The ex- 
cess solid has all been converted to complex at point 


between 
wits 


benzocaine was 
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|-E THYL THE OBROMINE X 10? 


Figure | 


B and further additions of l-ethyltheobromine ri 
sult in the depletion of benzocain« 
However, it is seen that this depletion reaches a 
minimum at point C, after which additions of 
l-ethyltheobromine result in an increase in the ap 
parent solubility of benzocaine 

The nature of this phase diagram can not be ex 
plained on the basis of a single interaction. The ex 
perimental results are best rationalized by assuming 


from solution 


that at least two complexes are formed in solution 
One of the complex species is precipitated under the 
conditions of the experiment and its stoichiometry 
can be calculated according to the method of Higuchi 
and Lach (4 The uctants in this solid 
complex was found to be two benzocaine molecules 
l-ethyltheobromine molecule. In view of the 
complexity of this interaction a quantitative estima 
tion of the stability constants of the complexes can 
not be made 


ratio of re 


to one 


with l-ethyltheo 
bromine differs from that with caffeine in a number 
Particularly, it appears that 
exhibits a greater tendency to interact with benzo- 
than l-ethyltheobromin« It has also 
been shown that the benzocaine-caffeine interaction 
nature (4 rhe present study in 
dicates the formation of at least two benzocaine-1- 


The interaction of benzocaine 


of respects caffeine 


caine does 


is of a one to om 


ethyltheobromine complexes, one being composed in 
the ratio of 
ethyltheobromine molecule 
benzocaine-caffeine 


molecules to one 1 
Furthermore, no solid 
complexes could be isolated, 
whereas, here a solid complex of definite stoichio 
metric composition is formed 

Chemical Kinetic Study. 
of benzocaine in the absence of 1 
ethyltheobromine determined in a manner 
similar to that previously described (1 The re 
sults are appropriately shown in Fig. 2 and Table I 

It can be seen from Fig. 2, where the logarithm of 
the residual benzocaine concentration is plotted 
+, that the rate of alkaline hydrolysis of 
the addition of 
l-ethyltheobromine to the reaction mixture \fter 
six hours, for example, it can be seen that the molar 
concentration of residual benzocaine in the solution 
containing 3.5°, of l-ethyltheobromine is 1.45 X 
10~* as compared to a concentration of 3.1 & 1074 
in the solution containing 0.5°) of 1-ethyltheobro- 
min¢ Che 
centrations of | 


two benzocaine 


The rate of hydrolysis 
presence and 
was 


versus tim 
benzocaine is strongly retarded by 


half-lives of benzocaine at various con 
thyltheobromine can be interpolated 
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from Fig and have been tabulated in Table I. 
This table shows that the presence of 3.5°% of 1- 
ethyltheobromine increases the half-life of benzo- 
caine six fold. This effect can be rationalized, as 
was done in the previous studies, on the basis of the 
slower breakdown rate of the 
comp ired to the free form 


complexed ester as 
In this study, however, 
the degradation rate of the complexed ester could 
not be stability constants for 
the complexes could not be evaluated. 


ascertained, since the 


ras.e | Prue INFLUENCE OF 
1-ETHYLTHEOBROMINE ON THE HALF-LIFE OF 
BENZOCAINE IN 0.04 N Ba(OH ), 
SOLUTION AT 30° 


1-Ethyltheobromine Half-Life (From 


Used, % Fig. 2). Hrs. 
0.0 69.0 
115.0 
160.0 
210.0 
270.0 
320.0 
355.0 


120.0 


Since caffeine appears to be a better complexing 
agent than l-ethyltheobromine, it would be expected 
to exhibit a more pronounced stabilizing effect on 
the benzocaine hydrolysis. This is found to be so 
when the results of the present study are compared 
with those of the benzocaine-caffeine system. At 
equivalent concentrations, caffeine appears to be 
1.13 times more effective in stabilizing benzocaine 
than is l-ethyltheobromine. However, since 1- 
ethyltheobromine is more soluble than caffeine, a 
greater preservative effect can be obtained through 
the use of more concentrated solutions 


BROMINE 
BROMINE 
BROMINE 


LT HEOBROMINE 


THE OBROMINE 


Figure 
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This study indicates that caffeine is not unique 
in its ability to stabilize an ester through complex 
formation. It would seem that other complexing 
agents of similar structure are also effective in sta 
bilizing through this mechanism 


EXPERIMENTAL 


Reagents.—-Caffeine, U. S. P., recrystallized from 
water, m. p. 235-237 1-Ethyltheobromine, syn 
thesized according to the method of Blitz (5); 
Benzocaine, U. S. P., recrystallized from ethyl al 
cohol and water, m. p. 92-93°; Siliciec Acid, Mal 
linckrodt Chromatography Grade, was used to pre 
pare the columns; and Diisopropy! Ether was puri 
fied as described in a previous report (1 

Apparatus. Pyrex 
umns 45 cm. long and 2 cm. in 
fitting glass plunger to pack the columns; 
Model D U spectrophotometer; and a 
temperature bath set at 30° + 0.05 

Chromatographic Columns.-The columns 
packed according to the procedure of Higuchi and 
Patel (1 In preparing the slurry, distilled water 
was used and Skellysolve-C 


chromatographic col 
diameter; a tight 
Beckman 
constant 


glass 


were 


as the internal phase 

as the external phase 
Complexing Behavior of 

theobromine System. 


Benzocaine-1-Ethyl- 


Benzocaine in excess of its 


OF THE AMERICAN PHARMACEUTICAL ASSOCIATION 
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solubility (0.3 Gm.) was weighed and placed into 
125-ml. glass-stoppered bottles. Then varying 
volumes of stock solution containing 1-ethyltheo 
bromine were added from a buret. Each bottle 
was brought up to a volume of 50 ml. with distilled 
water. The bottles were stoppered and agitated ina 
constant temperature bath at 30° for 12 hours 
Five-milliliter aliquots of the clear supernatant 
liquid were then withdrawn and diluted to 25 ml 
with distilled water. Five ml. of the resulting dilu 
tion was analyzed for benzocaine by a partition 
chromatographic method similar to that used by 
Higuchi and Lachman (1) 

Chemical Kinetic Study. progress of the 
degradation of benzocaine followed by the 
method utilized in the study of the benzocaine 
caffeine system (1). In this study, however, the 
Ba(OH ). remaining unreacted in the samples taken 
for assay was neutralized by the addition of 10% 
excess 0.5 NV HCl 


The 


was 
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Complexes Formed in Solution by Homologs of 
Caffeine." 


Interactions Between p-Hydroxybenzoic Acid and Ethyl, Propyl, and 
Butyl Derivatives of Theobromine, and Theophylline 


By SANFORD BOLTON, DAVID GUTTMAN, and TAKERU HIGUCHI 


The results show that the compounds investigated behave similarly in their inter- 


action with p-hydroxybenzoic acid despite their differences in structure. 


The solu- 


bilities of the complexes formed, however, appear to be markedly dependent on the 


structure of the parent xanthines. 


Only one to one species are precipitated in the 


systems under the conditions employed. The suggestion is made, however, that 
soluble forms of higher order may be present in solution. 


INVESTIGATIONS have shown 


ppazviove (1-5) 


that caffeine and other naturally occurring 
xanthines form stable complexes with a variety 
of organic compounds. Since this type of inter- 
action has possible useful applications in phar- 
maceutical formulations (6), it seemed desirable to 
extend the study to higher molecular weight syn- 


thetic xanthine derivatives. Such studies, it was 


thought, might help uncover a better complexing 
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agent and give further insights into the mecha- 


nism of these interactions 


EXPERIMENTAL PROCEDURE 


Reagents-—Recrystallized ethyl theophylline, 
m. p. 156-157°; butyl theophylline, m. p. 108 
109°; propyl theophylline, m. p. 99-100°; ethyl 
theobromine, m. p. 167-168°; propyl theobromine, 
m. p. 138-139°; butyl theobromine, m. p. 122-123°; 
p-hydroxybenzoic acid, m. p. 214-216°; 0.05 N 
ilcoholic KOH solution; alphanaphthol benzein 
as indicator 

Procedure. —The experimental procedure and the 
method of analysis were the same as those used for 
the caffeine study (3). A 0.005 N sulfuric acid 
solution was used as the solvent to suppress any 
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PuysicaAL CONSTANTS OF SOME XAN- 


THINE DERIVATIVES 


TABLE I 


Solubility 
at 30 
Moles/ Liter 
Xanthine 10 
Theophylline 
Theobromine 
Caffeine 
7-Ethyl theophylline 
7-Propyl theophylline 
7-Butyl theophylline 
1-Ethyl theobromine 
1-Propyl theobromine 
1-Butyl theobromine 


* Uncorrected 


dissociation of p-hydroxybenzoic acid. The sys 
shaking in a constant 
temperature water bath for 16 hours at 30°. The 
amount of p-hydroxybenzoic acid added per 25 ml 
of solvent was 0.5 Gm 

rhe theophylline and derivatives 
were prepared according to the methods of Schwab 
8) and Biltz (9 

\ number of derivatives and some of 


their physical properties are listed in Table I 


tems were equilibrated by 


theobromine 


, respectively 
xanthine 


It is seen that relatively minor changes in struc 
ture result in marked variations in the solubilities 
and melting points of these compounds. It might 
be expected that the complexing tendencies of these 
xanthine would also differ, 
forces responsible for such phenomena 


derivatives since the 
are thought 
to be similar to those causing complex formation 

This study is concerned with the interaction of 
p-hydroxybenzoic acid with the ethyl, propyl, and 
butyl derivatives of theobromine and theophylline 
The experimental procedure is essentially that de 
previous papers (1-2 The 
consists of noting the effect of the compounds under 
consideration on the water solubility of p-hydroxy 
benzoic acid 


scribed in method 


RESULTS AND OBSERVATIONS 


The results obtained are most conveniently illus 
land 2 
It is seen that the addition of xanthine derivative to 
the system initially results in an increase in the 
apparent solubility of p-hydroxybenzoic acid. The 
linear relationship indicates that the interaction is 
first order with respect to the xanthine. The equi 
librium can be represented by the equation: 


trated by means of the accompanying Figs 


n| p-hydroxybenzoie acid] + [xanthine 


p-hydroxybenzoic acid,-xanthine|] (1 
Phe equilibrium quotient may be written as 


K = [p-hydroxybenzoic acid,-xanthine 


) 


[| p-hydroxybenzoic acid]"{xanthine] (2 


Since the concentration of free acid in solution is 


constant in this region of the curve (3), it is im 
possible to determine the dependency of the equilib 
rium on the acid concentration. It is seen, how 
ever, from Figs. 1 and 2 that the addition of on 
mole of xanthine derivative solubilizes approxi 
mately one mole of p-hydroxybenzoic acid 

In all cases, as seen from Figs. 1 and 2, the solu 
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Fig. 1.—-Phase diagram showing the effect of 
several theophylline derivatives on the apparent 
solubility of p-hydroxybenzoic acid in water at 30° 





bility of acid is increased with addition of xanthine 
derivative until a plateau region is reached, where 
the concentration of p-hydroxybenzoic acid in solu 
tion remains constant rhis indicates the appear- 
ance of an insoluble species. This point of maxi 
solubility varies among the different com 
pounds and is seemingly dependent on the length 
of the alkyl substituent. This maximum solubility 
as the length of the substituent alkyl 
group is increased. The fact that in the caffeine-p 


> 


hydroxybenzoic acid system (3 


mum 


decreases 


no insoluble species 
appeared up to approximately 0.09 M caffeine con 
centrations is in with the 
servation 


agreement above ob 


The stoichiometry of an insoluble complex can 


be calculated from these phase diagrams according 
to the method used by Higuchi and Lach (4). In 
the case of ethyl theobromine, for example, it can 


be seen from Fig. 2 that the concentration of acid 
in solution remains invariant along the line AB 
\t point B all the excess solid acid has been pre 
cipitated as complex, and after this point p-hydroxy 
benzoic acid is being precipitated from solution 
The amount of ethyl theobromine represented by 
the length of the plateau is equal to that entering 
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2.—Phase diagram showing the effect of 


theobromine derivatives on the apparent 
solubility of p-hydroxybenzoic acid in water at 30° 
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into the insoluble complex during that interval 
The corresponding amount of acid converted to the 
insoluble complex is equal to the difference between 
the total amount of p-hydroxybenzoic acid added 
to the system and that found in solution at point A 
Table II lists the stoichiometry of various 
insoluble complexes manner. 
verified 
inalysis of the insoluble 
It is seen that the ratio of acid 
to xanthine derivative to-one in all 
cases considered in this study 


these 
this 
this method were 
by isolation and chemical 


calculated in 
The values obtained by 


reaction product 


is close to one 


STOICHIOMETRIC RATIO OF THE INSOI 


UBLE COMPLEXES 


TABLE II 


Molar Ratio 
of Acid 

Xanthine 
Derivative 


Xanthine Derivative Entering to 
into Insol. Complex 


Ethyl theophyllin« 1.04 
Propyl theophylline 1.02 
Butyl theophylline 0.99 
Ethyl theobromin« 1.09 
Propyl theobromine 1.12 
Butyl theobromine 0.97 


Although the above results suggest that the prom 
inent 
nature, there is suggestive evidence that this is not 
the only solution. The 
equilibrium constants calculated solely on a one-to 
one basis are abnormally ethyl 
theobromine-p-hydroxy benzoic system, for 
example, the constant calculated on the 
is of the order of 2,000 (moles/liter)~' 

The descending portion of the 
valuable information on the 
Equation 
behavior of the systems in question if the interaction 
is exclusively onc 


reaction in these systems is of a one-to-one 


equilibrium existing in 
large In the 
acid 
ibov e basis 


curve also 
nature of these 
+ describes the experimental 


can 
give 
reactions 


to one 


Total acid in sol.} Free acid in sol t 
[complex in sol 


, 


From Equation 2 and 3, 
otal acid in sol Complex in sol 


1+ (1 K X free xanthine in sol 


The 


down 


total acid in solution on the 
can be calculated in the following 
Y = total acid in solution at the 
amount of complex precipitated as 
the length of the plateau; and Z = 
solution. Then, [Complex in solu- 
5.54 X 107*] moles/liter 
liter = solubility of p-hydroxy 
Free 
complex in sol } 


values of the 
curve 
manner: Let 
plateau; } 
indicated by 
total acid in 
tion] = [X 
54 x 10 
benzoic acid at 30 
Total xanthine added 
XY Z 

By substituting these values into Eq 
retical concentration of 
formation « be 
The concentrations of total acid in solution calcu- 
lated on this basis differed from the 
obtained 
values for the 
i¢ id 


where 
2 moles 
xanthine in sol = 


1, the theo 
icid in solution based on a 
estimated 


one-to-one complex 


concentrations 
experimentally Some representative 
ethyl theobromine-p-hydroxy benzoic 


rable III Phe ip 


between the 


interaction are listed in 


preciable discrepanc ‘ observed and 
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calculated values plus the fact that these xanthine 
derivatives associate to considerable extents in 
solution (7) indicate that a 
interaction is not the sole equilibrium existing in 
solution. 


seem to one-to-one 


Some CALCULATED 
b-H YDROX YBENZOIC 


rasLe III.-CoOMPARISON OF 
AND OBSERVED VALUES OF 
ACID IN SOLUTION 


lotal Ethyl 
theobromine lota! Acid in Sol 
added Caled. from Total Acid in Sol 
Moles/ Liter Equation 4 Obs., Moles/ Liter 
02 Moles/Liter X 10 x 102 


14 3.63 1 50 
l: 4.32 $80 
l 


2 5.24 2.42 


if there are a number of simultaneous equilibria in 
solution an exact statement describing the nature of 
the interaction cannot be derived by this method 
of investigation. The initial slope of the solubility 
curve, however, does reflect the complexing tendency 
and, therefore, can be used to characterize, quali- 
tatively , the relative reactivity of these compt yunds 
The slopes for all the xanthine derivatives studied 
appear to be the same and parallel that of caffeine 
5 This seems to indicate that in this series of 
xanthines the degree of interaction with p-hydroxy 
benzoic acid either is not significantly affected by 
the substituted alkyl group or, if of a 
type, is very high 

The results of the simultaneous effect, on equi 
molar mixture, of two xanthine derivatives on the 
solubility of p-hydroxybenzoic acid are illustrated in 
Fig. 3. It appears that the solubilizing action on 
p-hydroxybenzoic acid is dependent on the com- 
bined total moles of complexing agent present 


one-to-one 
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Fig. 3.—Phase diagram showing the solubility 
behavior of p-hydroxybenzoic acid in the presence of 
equimolor mixture of ethyl theobromine and ethyl 
theophylline in water at 30°. The molar concen 
tration of complexing agent is equal to the combined 
total moles of xanthine derivative present 
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CONCLUSIONS 


l. The 


strong complexing tendencies with p-hydroxy- 


xanthine derivatives studied show 
benzoic acid as indicated by the slopes of their 
solubility curves. The exact nature of the equi- 
libria in solution, however, is in doubt. 


2. These 


insoluble 

the solubility 
depending on the alkyl group substituted in the 
The caf 
feine-p-hydroxybenzoic acid system produces the 


derivatives form com- 


plexes of a one-to-one nature, 


theobromine or theophylline nucleus. 


Screntiric Eprrion 11 


most soluble complex in the homologous series 
of xanthine derivatives investigated thus far. 
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Effect of Electrolytes on Bentonite Suspensions* 


By HARRIS B. BERNSTEIN and MARTIN BARR 


A study of the effect of electrolytes on the degree of unipolar coacervation and non- 


Newtonian behavior of bentonite in aqueous sus 


nsion has been made. Although 


it was found that thixotropic behavior was not induced in the clay at a nonthixotropic 
concentration (3% w/v), yield values were affected by the addition of electrolytes. 
Yield values were also affected by ions in a thixotropic concentration of the clay 


(5% w/v). 


Thixotropic behavior of 5% w/v suspensions was not increased by the 


addition of electrolytes although two electrolytes caused a decrease in behavior. 
The amount of water which separated from the suspensions at different electrolyte 
concentrations was also studied 


T= LITERATURE contains many works on the 

importance of the presence of electrolytes in 
producing thixotropic systems with earths or 
clays (1-3). These experiments were based on 
the addition or removal of electrolytes or certain 
ions from the clay and observing the flow be- 
havior. However, there exists little or no knowl 
edge as to the degree of water separation and 
the 


elec- 


flow behavior in aqueous suspensions of 
official 


trolytes are added to them. 


pharmaceutical bentonite’ when 


With these thoughts in mind, investigations 
were carried out to observe the effect of different 
electrolytes on the unipolar coacervation and 
thixotropic behavior of the official pharmaceuti- 
cal bentonite in aqueous suspensions. 

* Received April 13, 1956 
macy, Philadelphia College of Pharmacy and Science 
delphia 4, Pa 

Abstracted in part from a dissertation submitted to the 
Graduate School, Philadelphia College of Pharmacy and 
Science, by Harris B. Bernstein in partial fulfillment of the 
requirements for the degree of Doctor of Science 

Presented to the Scientific Section, A. Pu. A., 
meeting, April, 1956 

folclay Bentonite, American Colloid Company, which 
meets the requirements of Bentonite, U. 5S. P. XV 


from the Department of Phar 
Phila 


Detroit 


EXPERIMENTAL 


The electrolytes used in this study fall into two 
those that have ions included in the 
lyotropic series of ions (citrate, tartrate, acetate, 
chloride, sulfate, nitrate, chlorate, iodide, thiocya- 
nate, lithium, sodium, potassium, ammonium and 
magnesium; (6) and those electrolytes that would 
show the effect of different valent ions which are not 
included in the lyotropic series (bromide, sulfate, 
phosphate, aluminum, calcium, 


(4,5 


classes: (a) 


carbonate, 
nesium 

The effects of electrolytes or ions were studied in 
nonthixotropic 30% w/v bentonite suspensions and 
thixotropic 5°, w/v bentonite suspensons (6). 
Electrolyte concentrations, chosen from preliminary 
experiments, were the following: 

(a) 2 XK 10°? M. This concentration was the 
most suitable for observing the degree of coacerva- 
tion in bentonite suspensions since lower concen- 
trations little water from the 
suspensions 

(b) 2X 10-3 M. This was the highest concen- 
tration which could be added to bentonite suspen- 
sions and permit thixotropic measurement with the 
Mac Michael viscometer 

(c) 2X 10-5 M. This concentration was used 


mag- 


caused separation 
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TaBLe | Errect or CATIONS ON 3°, w/v BEN 
TONITE SUSPENSIONS 


Concen ae Super 
tration Gm natant 
Molar cm ml 


NaCl ¢ ‘10-2 0.327 0.5 
10) 0 0938 
2x 10 0.068 
NH,Cl y lo~? 0.335 
. (10 0.101 
, C10 0.070 
KCI 210-2 0.451 
2x 10 0.132 
10 0.073 
10 0). 282 
10 0.078 
10 0.071 
10 0.415 
10 0,202 
10 0.069 
10 0.411 
10 0.318 
2 xX 10 0.068 
AICI 2x 10-2 
¢ 10 0.570 
Ww 0.072 


no elec 0 OBS 


Electrolyte 


CaCl 


MgCl, 


0.720 


Control 
trolyte) 


te ield value pressed in 
units (¥ 
> | —Less than 0.5 ml. of water 


gravitational 


present 


to observe the effect of minute amounts of electro 
lyte on the flow or suspending properties of the clay 

Bentonite suspensions containing 3 
5 Gm. of bentonite were prepared by adding the 
respective amounts of clay to 75 ml. of de-ionized 
water contained in four-ounce, round bottles grad 
uated to 100ml. Each suspension was permitted to 
hydrate for twenty-four hours rhe electrolytes, 
which were then added to the suspensions, were pre 
pared in such concentrations that when each sus 
pension was made up to a volume of 100 ml., the 
final electrolyte concentrations of 2 K 107? M, 
2X 10 WV, and 2 X 1075 VV would result After 
the suspensions were made up to volume, they were 
placed in an oven at 30° for 


Gm. and 


twenty-four hours 


After removal from the oven, thixotropic measure 


ments were made from hysteresis loops prepared 
from data obtained with a MacMichael viscometer, 


as previously reported (6 In order to permit ob 


»¢ 


servation of the water separation in the 3% w/v and 
5° w/v suspensions containing electrolytes, 50 ml 
of each suspension was poured into glass-stoppered, 
graduated cylinders. The amount of clear super- 
natant of the clay suspensions which were present 
after seven days was indicative of the degree of 
univalent coacervation of the These 
studies were carried out with the sodium salts of the 


anions and the chlorice 


clay 7 
ilts of the cations 
RESULTS AND DISCUSSION 


Results effects of and 
cations on the yield values, thixotropic ratios and 
the amount of supernatant liquids of the bentonite 
suspensions are listed in Tables I-I\ 

Observations of all the suspensions showed that 


illustrating the anions 


there was little or no water separation in the majority 
of the 5°) w 
produced significant water separation in these sus- 


v suspensions. The electrolytes which 
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pensions were CaChk, MgCl, and AICI It 
noticed with 3°, w/v suspensions that all those 
containing electrolyte concentrations of 2 X 10-2 M 
displayed water layers. The higher valent cations 
caused the greatest amount of water to separate 
from the bentonite suspensions as may be expected 

All the 3°% w/v suspensions displayed plastic 
flow. However, thixotropy produced in 
any of these suspensions upon addition of electro 
lyte. Increases in yield values were noticed with 
increases in concentrations. It 
also noticed that the cations cause greater increases 
in the yield values than with the 
anions 

It can be seen from the data in Tables I and II 
that in most cases the yield values and the amounts 
of supernatant of the 3°) w/v 
concentration of 2 K 1075 


was 


was not 


electrolyte was 


were obvious 


suspensions at ion 
WV approximate those 
values of the control. An increase in electrolyte 
concentration above 2 X 10°~° M resulted in an 
increase in yield maximum increases oc- 
curring at a concentration of 2 xX 107? 
However, citrate and phosphate actually lower the 
vield value of a 3% w/v bentonite suspension. The 
other ions tend to increase the yield value with the 
aluminum ion causing the greatest increase. Com- 
paring the sf suspension 


values, 
molar 


vield values of the 3° w 


ANIONS ON 3°, 
SUSPENSIONS 


EFFECT OF 
TONITI 


Concen , e. Super 
tration Gm natant 
Electrolyte Molar cm ml 


Nal 2x 10-2 0.104 
: 10 0.071 

a 10 0.068 

NaBr 2X 107? 309 
2x 10 ORR 

10 O68 
10 269 
10 OSS 
10 O68 
10 260 
10 OS0O 
10 O68 
10 357 
10 OO3 
Ww O67 
10 276 
10 O85 
10 O68 
107? O35 
10 047 
10 O67 
10-2 115 
10 O71 
10 O68 
10-2 198 
10 104 
10 068 
10 134 
10 O77 
10 O73 
Na;PO, 2x 1072 (027 
2x 10 027 

10 072 

no elec 068 


XK? 


NaNO 


x 


NaClo 


NaCNS 


acetate 


citrate 


ee OOS SOF OO & oo 


tartrate 


Na 


KKK KK KK 


Control 
trolyte 

units (0 
I-Less than 0.5 ml. of water present 


Vield value 


expressed in gravitational torque 
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at an ion concentration of 2 * 10? M, the effects 
of the ions on raising the yield values can be listed as 
follows: 

For cations: Aluminum > Potassium > Calcium 
> Magnesium > Ammonium > Sodium > Lithium 
For anions: Sulfate > Thiocyanate > Chloride 
Bromide > Acetate > Nitrate > Chlorate > Car 

bonate > Tartrate > lodide. 

Citrate and phosphate are not included in the 
above series since these ions actually reduced the 
vield value 

In the 5°) w/v suspensions, thixotropic ratios and 
yield values are reported for the various concen- 
trations of ions. The cations, with the exception of 
lithium at a concentration of 2 X 107? M, increased 
the yield values and possible thixotropic behavior 
to such a degree that it was impossible to obtain 
readings due to the sticking of the bob of the vis- 
cometer. The cations, magnesium and aluminum, 
also gave viscous suspensions at ion concentrations 
of 2 X 10~* that were immeasurable. 

It can be seen from Tables III and IV that the 
thixotropic ratios which are recorded show that ions 
added to 5° w/v bentonite suspensions do not 
affect thixotropic behavior to any great extent 
Citrate and phosphate ions markedly reduce this 
behavior 

Since suspensions containing most of the cations 
do not have a measurable yield value at ion con 
centrations of 2 X 107? M, the yield values for the 
2 X 107° M concentration were used to show the 
comparative effects of the ions on increasing the 
yield value 

Calcium 
Lithium 


> Potassium > Ammonium > Sodium 


Aluminum and magnesium do not appear in the 
above comparison for the reasons explained pre- 


R¢ 


Cations on 5° w/v 
SUSPENSIONS 


EFFECT OF 
BENTONITI 


TABLE III 


Concen Y.V Super 
tration Gm natant 
Molar em " ml 


10 Ao 
10- 0.54 2 0 
107 0.41 0 
1O~* I 
107 56 0 
tie. 0 
10-3 I 
1078 } 0 
107 ¢ 0 
10 Q; I 
10~ 2 0 
10 { 0 
10 ‘ : 
10 

10 

10 

10 

10 

10 

1078 ( 

107% 0.4 1.0 
Control 0 1.0 


Electrolyte 


NaCl 


NH,Cl 


KCl 


LiCl 


CaCl, 


MgCl, 


AICI; 


x KKK KKK KK KK MK KK KKK KK KK 


yy... 
units (9) 
6T.R Thixotropic ratio 
Thixotropy and yield values were not measurable at 
these electrolyte concentrations 
c Less than 0.5 ml. of water present 


Vield value expressed in gravitational torque 
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EFFECT OF ANIONS ON 5° W/V BEN- 
TONITE SUSPENSIONS 


TABLE IV 


Super 
Concen Y. V.,¢ na 
tration Gm tant 
Molar cm mi! 


1072 0.59 0 
10 0.43 0 
10 0.4] 0 
lo? 0.99 0 
10 0.41 0 
10-* 0.40 0 
10 0.64 : 0 
10 0.38 0 
10 0.38 0 
lo? 0.92 i.é 0 
1 0.57 0 
10 0.42 l 0 
1072 1.35 ] 0 
10-3 0.79 0 
1075 0.40 0 
10-2 1.08 0 
10 0.59 0 
10-7 0.39 0 
1072 0.15 < 0 
10 0.20 0 
10 0.41 0 
1072 0.42 f 0 
10 0.42 ( 0 
1oO7 0.39 0 
1072 é e 0 
10 0.48 0 
10 0.40 0 
107-2 0.71 1 0 
10 OS , 0 
10 0.4: 7 0 


107? 0.09 < 0 

10 0.35 0 

10~ 0.39 0 

Control (no 0.40 0 
electrolyte) 


Electrolyte 


Nal 


NaBr 


bo bo bo bo bo bo 


NaNO 


NaClo 


bobo toto to tet 


NaCNS 


Na acetate 


Na citrate 


Na tartrate 


NaeSO, 


NasCO; 


Na;PO, 


KKK KK KK KK KK KK KK KK KK KK KK KK OK KK KK KK 


bo hO BO FO BO 9 OS OS bo FS NS bg 6 NS ts WS ON 009 t's 


a Vy Vv 
units (9 

6'T. R Thixotropic ratio 

° Thixotropy and yield values were not measurable at these 
electrolyte concentrations 


Vield value expressed in gravitational torque 


viously for the sulfate anion. Suspensions con- 
taining the ion lithium were the only ones in which 
yield values could be measured for the 2 X 10-2 VW 
ionic concentration. This possible because 
these suspensions were not as viscous as other sus 
pensions containing electrolytes; therefore, it can 
be assumed that the yield values of these suspensions 
containing lithium would be the lowest of the cations 

All anions are found to increase the yield value of 
the 5% w/v bentonite suspensions, except the citrate 
and phosphate ions which actually lower the yield 
value below that value which was normal for sus- 
pensions not containing any anion. Here 
tartrate ion exhibits very little effect on the yield 
value. It may be stated that anions in concentra 
tions of 2 X 10~? M display the following effect on 
increasing the yield values of 5°% w/v bentonite 
suspensions: 

Thiocyanate > Acetate > Bromide 
Carbonate > Nitrate > Iodide 

The ion concentration of 2 K 107? M was chosen 
for this series in both the 3% w/v and the 5% w/v 
bentonite suspensions because it significantly dis- 
played ionic effects on the clay suspensions. Since 
the thickness of the suspensions containing the 


was 


added 


> Chlorate > 
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chloride and sulfate ions prevented the taking of 


measurements, these ions were not included in the 
ibove comparison 


It was noticed in the 5° w/v 


that 


suspensions 
ippreciable amounts of water separated from 


} 


those suspensions wh 


ich contained calcium, mag 
nesium, and aluminum ions in ionic concentrations 
of 2 KX 10°? M and 2 X 10 VW 


suspensions 


is compared to 


t hose containing univalent wns it 


imilar concentrations This ionic behavior its in 
with the Sculze-Hardy 
, > 


ilso observed in the 30) w/v suspensions 


wccor' rule S and was 


CONCLUSIONS 


In general, thixotropy was not increased 


by the addition of electrolytes to 59% w/v 


bentonite suspensions Sodium citrate and so- 


dium phosphate actually decreased the thixo- 


tropic ratio of the clay suspensions 


) r¢ 


Phixotropy cannot be induced in 3°) w/v 


bentonite suspensions, where thixotropy has 


been shown not to be originally present, by the 


additon of electrolytes in concentrations up to 


) , 
x 1 } 
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vield values of 3°) w/v and 5°) w/v 


3 The 
bentonite suspensions were affected by electro 
lvtes, a majority of which tended to increase the 
vield value. 

t. Cations of 
duce a 


3% W 


chlorides were found to pro 
greater amount of water separation in 


v and 5% w/v bentonite suspensions than 


rhe 
minum, magnesium and calcitum 


do anions of sodium salts cations, alu 


were found to 
produce the greatest amount of water separation 


as may be expected 
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The Formulation of Ointments Containing 
Medication Adsorbed on Ion Exchange Resins” 


By WILLIAM C. FIEDLER} and GLEN J. SPERANDIO 


A rationale for the use of ion exchange resins as carriers in ointments has been 


postulated. 


Tests run to determine the activity of ion exchangers in various types of 


bases showed that an o/w emulsion base showed the best rate of exchange, the ex- 
change rate being increased with increased water content and decreased ointment 


consistency. 


Formulation tests to develop a hydrophilic base showing maximum 


stability and acceptable cosmetic properties resulted in the development of an o/w 


base containing pectin and a Veegum base. 


These bases were shown by ion diffusion 


studies to be much superior to the U. S. P. hydrophilic base in the length of time 
over which ion exchange occurred from resins incorporated in the bases. 


RESINS have found 


abo TIC ION EXCHANGI 
wide 


application in many industrial and 
their chief uses 
been in the 


and the 


analytical processes, but to date 


in clinical medical practice have 


neutralization of gastric hyperacidity 
withholding of sodium ions from 


work 
) 


(2) on determining the ton exchanging ability of 


withdrawal or 


the body However done by Jurist 


* Received December 22 155, from the School of Phar 
macy, Purdue University, Lafayette, Ind 

Abstracted from a the ubmitted by William C. Fiedler 
to the Graduate School of Purdue University in partial fulfill 
ment of the requirement for the dexree of Doctor if 
Philosophy 

t Present address College of harmacy, The University 
of New Mexic« Albu ' 


resins incorporated into various bases, and by 


Phurmon and Ottenstein (3) in their study of the 


chemistry of human perspiration using ion ex 
change resins, has indicated the potential value 
of these substances as components of topical prep 


arations. Practical applications of this use were 


realized in later patents by Thurmon (4) and 


Phurmon and Kunin (5) in which resins were 


employed in a deodorant antiperspirant and in 
lotions and ointments for the adsorption of toxins 


present in certain cases of contact dermatitis. 


Nashed has shown the feasibility of adsorbing a 


medicament on a resin in his work with the 
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development of medicinal membranes for the 


treatment of burns (4), and this technique of 
using adsorbed medicaments might well be ap 
plied to the field of ointments 

In practice, the successful use of medicated 
ointments depends upon the attainment of a 
therapeutically effective local tissue concentra 
tion of the drug; therefore the ointment must 
permit the drug to diffuse to the surface of the 
With 


adsorbed on resins incorporated in ointment bases 


area to be treated (7 medicaments 
an ionic exchange should occur between the ions 
of the drug and the electrolytes of the fluids, 
thus producing a rapid attainment of an effective 
drug level and providing a prolonged release of 
medicinal agent to the wound site. This would be 
of value, for example, with antibiotic drugs. 
Much higher tissue concentrations can be pro 
duced by introduction of an antibiotic directly 
into a focus of infection than by its systemic ad 
ministration. Near a draining abscess movement 
of tissue fluid is, in part, toward the inflammatory 
area, therefore a resin-adsorbate should serve to 
provide a relatively constant level of drug con- 
centration in such a wound. However, a drain- 
ing wound with large amounts of serous exudate 
would not be strictly necessary to provide media 
for the exchange. Cutaneous bacterial infections 


such as infectious eczematoid dermatitis, 1m 
petigo, deep ulcers, ecthyma, and secondarily in- 
fected dermatoses may all be characterized by 
partial or complete disruption of the epidermis 
and exudation of fluid. The antibacterial drug 
must be released into this aqueous tissue fluid 
adequately and continuously if therapy is to be 
successful. Since the concentration of this extra 
cellular fluid is about 0.10 to 0.15 N with respect 
to the total salt 


requirements for adequate ion exchange, which 


content (7), the concentration 


occurs most effectively with electrolyte concen 
trations of about 0.10 NV (8), seem to be satisfied. 


In the absence of all exudate from pathological 


conditions, release of medication from a resin 


would probably still take place, since effective ex- 


change between ion exchange resins and the per 
spiration on the skin has been shown to occur (3) 
rhe concentration of sodium chloride in the per 
spiration is about 0.07 N (9). Furthermore, in 
the use of carboxylic cation exchange resins with 
adsorbed medicament, the normally acid pH of 
the skin itself could conceivably be a factor in the 
release of the drug, due to the great affinity of this 
type of resin for the hydrogen ion. This same 
acid adsorption effect would occur in cases of 
gangrene or infections involving pus formation, 
due to the formation of acid in these particular 


conditions (10 


SCIENTIFIC 


EDITION 


Phe objectives of this work were to study, in 
vitro, the behavior of medicinal compounds ad 
sorbed on ion exchange resins incorporated into 
ointment bases, and to formulate an ointment that 
would permit the controlled release of certain 
topically applied medicaments. 


EXPERIMENTAL 


In order to formulate 
sorbed medication and test them, it was first neces 


ointments containing ad 


sary to determine the activity of ion exchangers in 
ointment bases and to prepare ointment bases that 
would be compatible with the ion exchange resins 

Resins. The used in this study were 
Amberlite XE-64' Micropowder, Amberlite IRC 
50', and Amberlite IRA-400.'. Amberlite X E-64 is 
the fine powder form of Amberlite IRC-50, a 
carboxylic acid type exchange resin, and 
carries a particle size specification of 95% through a 
No. 325-mesh sieve; it is furnished in the hydrogen 
form. In order to further standardize the particle 
size of this resin, a quantity was shaken with purified 
water, centrifuged, and the cloudy supernatant 
containing the ‘‘fines’’ discarded This 
peated several times until the supernatant was per 
fectly clear 

Amberlite IRA-400 is a strongly basic anion ex 
change resin. A fine particle obtained 
by grinding in a mortar and screening through a 
No. 100-mesh sieve 


resins 


cation 


was re 


size was 


All of the resins were purified by alternate wash 
ings with acid (1 N H.SO,) and alkali (1 N NaOH 
in order te eliminate resin-derived products in the 
solutions 

The activity of Ion Exchangers in Various Oint- 
ment Bases.—Before an ion exchange ointment can 
be accepted for use, it must be shown that the ion 
exchanger remains active when incorporated in an 
XE-64(H 


used in experiments to determine the comparative 


oimtment base The cationic resin was 


activities of ion exchangers in types of 
A modification of the Jurist procedure 
diffusion apparatus permitting a 


constant surface area method of testing being em 


various 
ointments 


2) was used, a 


ploved his apparatus consisted of a plastic cup 
6.5 em. deep with a top diameter of 7 cm. A tight 
fitting polyethylene plastic ring permitted a cello 
phane dialysis membrane* to be snapped over the 
opening. A 20-Gm. sample of the ointment to be 
tested was spread over the inner surface of the mem 
brane through a slot in the side of the cup In use, 
the cup containing the ointment on the inner sur 
face of the membrane inverted into 50 ml 
of an exchange solution of 5% sodium acetate ad- 
justed to a pH of 10.8 with 0.1 N NaOH. Ex 
change of the hydrogen ion of the resin with sodium 
ion resulted in a pH drop in the exchange solution 
By measuring the pH of the solutions at one-half hour 
to compare the 
from the 


was 


rates at 
various 


intervals, it was possible 


which ion exchange occurred 


types of bases 
Ointments containing resin in both the dry and 


the hydrated form were tested. Resin samples were 


'Rohm and Haas Company Philadel ha. Pa 


?Sargent 5-25275 
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hydrated by shaking them with purified water and 
illowing to stand 20 to 30 minutes, centrifuging, 
The wet 

It was 
found experimentally that on a dry weight basis the 
XE-64 resin comprised 29% of the hydrated mass 
and the 
corporated into the 


ind discarding the supernatant water 
mass was then incorporated into the base 


The dry hydrated resin samples were in- 


various bases on an equivalent 
weight basis 
Results of exchange studies with those bases con 


taining hydrated resin are shown in Fig. | In this 


(A)w EMULSION 
(B)GREASY 

(Cc) ABSORPTION 

(0) WATER-MISCIBLE 


(E)O/w EMULSION 


© 


— _— °° °»« 
TIME (IN HOURS 

Activity of ion exchangers in representative 
ointment bases 


figure, the change in pH of the test solution in con 


ion exchange resins 


greater the 


tact with omtments cont Luning 
ver a period of time is depicted rhe 
change in pH, the higher the rate of exchange which 
hese results show that greasy, 
effectively 
soft cream of the 


occurred absorption, 


block 


oil-in-water 


ind water-in-oil emulsion bases 
ion exchange A 
emulsion type permitted the greatest activity of the 
Further the fact 


i hydrophilic base 


ion exchanger tests supported 
that the rate 


increases 


of exchange from 


increased water and «de 
that the 


resin 1 


with content 


exchange 1s more 


into the 


creased viscosity, and 
effective 


oimtment in the 


incorpor ited 
With 
results comparabl to 


when the 
hvdrated form bases con 
taining dry resin, those in 


Fig. | were obtained, although the pH drops over 
the entire period of time sin every case 
Formulation of Hydrophilic Ointment Bases Con- 
taining Ion Exchange Resins. The hydrophilic o/w 
hvdrated 
to be somewhat unstable upon standing a few days, 


1 crumbling and 


were k 


emulsion base cont ining resin was seen 


‘spongy”’ 
be due to a water ex 


presenting 
This instability was thought to 


ippearance 


change or adsorption between the hydrated resin and 
the hydrophilic base itself. Various formulations 
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were then tried in an effort to find a method or ma 
terial capable of preventing or limiting this water 
exchange within the resin ointment. These trials 
included the use of various humectants, adsorption 
products, and gums. The product found to be best 
in every respect was a hydrophilic base containing 
4% pectin. Its formula is as follows 


Propylene glycol 100.0 Gm 
Stearyl alcohol 50.0 Gm 
White petrolatum 300.0 Gm 
Pectin 1).0 Gm 
Span 80° 10.0 Gm 
Tween 80° 60.0 Gm 
Purified water 410.0 Gm 
Methylparaben 0.3 Gm 
Propylparaben 0.2 Gm 

To make 1000.0 Gm 


This was a soft, smooth cream which remained 
stable with the hydrated resin over a long period 
of time with neither drying nor water loss, and per 
mitted a good rate of ion exchange. This was the 
base used in subsequent work, hereafter referred to as 
“pectin hydrophilic base.’’ It was found that the 
maximum amount of hydrated XE-64 resin which 
could be incorporated to give a good stable product 
with this particular base was about 40% 

Further formulation attempts were 
Veegum,* a highly purified colloidal magnesium 
aluminum silicate. Veegum has used to 
stabilize emulsions, its hydrophilic action permitting 
formulation of stable cosmetics of high water con 
tent. Following is a formula which gave a stable 
product with 40% hydrated XE-64 resin and per 
mitted a good rate of ion exchange 


made with 


been 


00.0 Gm 
Purified water 800.0 Gm 
Sodium lauryl sulfate 1.0 Gm 
Propylene glycol 100.0 Gm 
Tween 80 10.0 Gm 

To make about 1000.0 Gm 


Veegum 


Ointments prepared with powdered Amberlite 
IRA-400 required modification to produce 
icceptable products Since this not 
adsorb as much water as the carboxylic cation ex 
changer (XE-64), ointments prepared with wet 
powdered IRA-400 tended to dry out A satis 
factory product was obtained with the pectin hydro 
philic base by the incorporation of 10% additional 
water and 5% glycerin before adding the wet resin 
Addition of more water and humectant to the Vee 
gum base, however, failed to retard its drying to any 
great extent when the resin was added. Therefore, 
only the pectin hydrophilic base was used in subse 
quent work with the Amberlite [RA-400 
Comparison of Continuity of Ion Exchange from 
Hydrophilic Bases.—-Exchange experiments were 
next run to check the relative times over which ion 
exchange could be expected to continue from the 


some 


resin does 


various ointment bases rhe following bases, each 
containing 40% hydrated Amberlite NE-64(H), 
were tested: pectin hydrophilic base, Veegum base 
hydrophilic ointment U. S. P. The later 
product was included in order to have a standard 


and 


The Atlas Powder Co 


Wilmington, Del 
*R. T. Vanderbilt Co., Inc 


New York, N. Y 
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Fig. 2.—-Continuity of ion exchange of bases with 


cation exchange resins 


hydrophilic ointment for comparison with the spe- 
cially modified bases 

Twenty-gram samples of these resin ointments 
were placed in the plastic diffusion cups previously 
used and placed in contact with the electrolyte ex- 
change solution (5% sodium acetate adjusted to a 
pH of 10.8 with NaOH The pH of the exchange 
solution was plotted in each case at stated time in 
tervals. When the pH had reached 8.0, the cups 
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were transferred to fresh solutions with a pH of 10.8 
and the process repeated. The ointments them 
selves were undisturbed between transfers, so that 
the same constant surface area was exposed in each 
case to fresh solution. As the hydrogen ion from 
the resins in the ointments was exchanged, the 
rates of the pH drops decreased with succeeding 
transfers to fresh solutions. Results are shown in 


Fig. 2. They show that both the pectin hydrophilic 


and Veegum preparations continued exchange over 
a long period of time, while the U. S. P. ointment 
was quickly exhausted, showing a poor rate of ex- 
change in the second solution 
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The zz vitro Testing of Ointments Containing 


Medication Adsorbed on Ion Exchange Resins* 


By WILLIAM C. FIEDLER and GLEN J. SPERANDIO 


The exchange capacities of neomycin and sulfadiazine toward certain ion exchange 
resins were determined, and these resin-adsorbates incorporated into selected oint- 


ment bases for in vitro drug diffusion studies into serum. 


A comparison of the per- 


centages of drug released from preparations containing free drug and those with 


resin-adsorbed drug showed little differences. 


However, bacteriological testing by 


a specially adapted agar plate method showed that ointments containing resin-ad- 
sorbed neomycin showed a more prolonged effective antibacterial action than their 


free drug counterparts. 
preparations. 


Little differences were noted in the case of the sulfadiazine 
It was concluded that ointments containing drugs on ion exchange 


resins are of value with drugs effective at low concentrations, such as antibiotics, but 
are less effective with drugs requiring a higher concentration for activity, such as the 


sulfonamides. 


Additional work is indicated to establish the exact concentration 


requirements for such ointments. 


PREVIOUS formulation of 


I \ PAPER (1) the 


ointment bases containing powdered ion ex 


change resins was described. The next phase of 


this research involved studies of the exchange 
capacities of the resins for specific drugs and deter 
mination of the amounts of drug released into 
blood serum from the ion exchange resin oint 


ments This was essentially an ointment dif 


* Received December 22, 1955, from the School of Phar 
macy, Purdue University, Lafayette, Ind 

Abstracted from a thesis submitted by William C. Fiedler 
to the Graduate School of Purdue University in partial ful 
fillment of the requirements for the degree of Doctor of 
Philosophy 


fusion study in which control ointments contain 
ing only the free drugs were also tested in order 
to provide a basis for comparison of rates of drug 


release. 


EXPERIMENTAL 


The resins used were Amberlite® XN E-64! Micro- 
powder, Amberlite IRC-50,! and Amberlite IRA- 
400.4 Further details about these resins are given 
in the first paper 


'Rohm and Haas Company, Philadelphia, Pa 
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Iwo types of antibacterial drugs were 


in antibiotic and a sulfa drug, represented by neo 
ind sulfadiazine, 


Phe ion 


mycin respectively 


exchange columns were prepared from 


diameter and 16 cm 
fitted with a glass tip and a 
crew clamp was affixed to the end of each column 


\ plug of glass wool covered with a 


glass tubing 8 mm. in 
\ short 


long 


rubber tubs 


5 mm. layer of 


washed white sand was placed in the bottom of the 
resin chamber to 
rhe 
iqueous 
into the 


support the resin 


columns were prepared by slurrying an 


suspension of regenerated powdered resin 
ind 


by sedimentation 


tube column to form 
plug then 
\ layer of liquid was 
ilways kept above the resin bed to 


permitting the 

\ glass wool was 
placed on top of the resin 
prevent channel- 
ing of the column 


Studies of Exchange Capacities 


Exchange of Neomycin with Carboxylic Acid 
Cation Exchange Resin.--The procedure for the ion 
exchange of first worked 
Amberlite rhe resin was 
»btain 


neomycin 
IRC-50 
1 uniform particle 
litioned by 


was out with 
screened to 
30-40 mesh, con 
2 \ ind 


sodium form by equi 


wet 
size of 
successive washings with base 
icid, and then put into the 


librating with 3 or 4 successive lots of a saturated 


dium bicarbonate rhe resin was then 
uir-dried. One-half gram samples of 
this product were hydrated 20-30 minutes in 20-ml 
phosphate buffer solutions of pH 9.0, and the resin 
suspensions slurried into the 
to settle 


solution of s« 


washed and 


ind allowed 
five milliliters of a stock solution 
1.200 Gm. of neo 
was passed through each 
rate of 0.5 ml./min., and the 
columns were then washed with purified water until 
the effluent sh of neomycin as deter 
mined by a qualitative test with ninhydrin reagent 
2 Che 
> N HCI 


yen ¢ 


columns 
Twenty 
sulfate containing 
per 100 ml 
column at a flow 


of neomycin 


mycin base 


wed no trace 


idsorbed neomycin was then eluted with 


ind the effluents analyzed for their neo 


ontent by the spectrophotometric method of 
Dutcher, et al o 


iv of Determinations of the 


visture « uir-dried resin 
na the 
f dry resin weight 
it 1.00 Gm 


sorbed, on an 


mtent of the 


were made, 


exchange capacities calculated on the basis 


Phe exchange studies showed 
of completely dried IRC-50 resin ad 
164 mg. of neomycin 
Essentially the same procedure used with 
\mberlite XE-64, the fine powder form of IRC-50, 
except that a simple gravity water feed developing 
on the column heads (4) was employed to 
increase the flow through the 
The studies showed that 1.00 Gm 
dried NE-64 re 


f neomycin base 


iverage, base 


was 


pressure 


rate fine powder 
of completely 
in was capable of adsorbing 770 mg 
under the conditions used 
Exchange of Sulfadiazine with Anion Exchange 
Resin. Three str 
originally considered for exch 
diazine Amberlite IRA IRA-410, 
ind Nalcite-SAR? rhe latter was eliminated from 
onsideration when it was found to be too hard to be 
Both of the 
10-60 mesh size 


ongly basic anion exchangers wert 


inge studies with sulfa 


100, Amberlite 


easily powdered \mberlites were 


wet-screened t conditioned by 


ilternate treatments with 1 .V acid and base, and 


washed and dried. One-gram samples were slurried 


National Aluminate Cor 


AMERICAN PHARMACEUTICAI 


studied, 


ASSOCIATION Vol. XLVI, No. 1 
into the exchange columns, regenerated with 1 A 
NaOH, and washed free of base. Sodium sulfadia 
zine solutions containing 0.6 Gm. per 50 ml. of solu 
tion were passed through the columns, 
columns washed with purified water 
tion of the U.S 


zine () 


and the 
\ modifica 
P. XIV qualitative test for sulfadia 
was used to determine when the washings 
were free of drug rhe columns were then eluted 
V NaCl, and the solutions analyzed for their 
sulfadiazine content using the colorimetric 
of Bratton and Marshall (6 
Loo 


with 3 
method 
It was found that on 

Gm. of IRA-400 adsorbed 
of drug, while 1.00 Gm. of ITRA-410 ad 
Amberlite IRA 100 mesh 
then tested for exchange in the same manner 


dry weight basis 
515 mg 
sorbed 275 mg 100) was 
The 
capacity for this particle size was calculated to be 667 
mg. of sulfadiazine per 1.00 Gm. of dried resin 
Diffusion Tests of Sulfadiazine Ointments. 

The ointment sample to be tested was spread evenly 
on the inner surface of a cellophane dialysis mem- 
brane?’ fitted over 
5 em. in 


a glass cylinder 6 cm. deep and 
diameter The membrane surface was 
placed in contact with 50 ml. of horse serum‘ in a 
small crystallization dish kept in a serological bath 
maintained at 37°. At 3, 6, 12, 24, and 36 hour 
intervals 2-ml. samples of serum were withdrawn 
for analysis of sulfadiazine content To do this, the 
serum proteins were precipitated with 15°) tri 
chloroacetic acid and the clear filtrate analyzed by 
the colorimetric method of Bratton and Marshall 
The following ointments were tested: (a) 6.00 Gm 
of pectin hydrophilic base containing 40°) pow 
dered hydrated Amberlite IRA-400 with adsorbed 
sulfadiazine. (6) 6.00 Gm. of pectin hydrophilic 
base containing 12 mg. of sodium sulfadiazine per 
Gm 

The concentrations of drugs in the two ointments 
were not equivalent; therefore, in order to provide 
i basis for comparison of final results, the amount of 
drug actually released from each of the samples was 
calculated as a percentage of the total amount of 
the drug present in each sample at the start of the 
experiment 

The total amounts of drug present in each sampk 
were calculated as follows 
dry 


C67 


One gram of completely 
powdered IRA-400 was capable of adsorbing 
mg. of sulfadiazine. It 
mentally that the hydrated 
tained 54°, moisture 

hydrated resin-adsorbate 


was found experi 


resin adsorbate 
Therefore six grams of 
coutained 1104 mg. of 
sulfadiazine, and six grams of the ointment contained 
$42 mg 


con- 


The results of the drug diffusion studies are shown 
in Table I. 

The amount of sulfadiazine present 
interval is expressed 
entire 50 ml 


at each time 
as the total present in the 
of serum. The percentage figures ar« 
based on the amounts of drug present in the entire 
samples at the start of the experiment, i. 
and 72 mg. of sulfadiazine 

drug ointments, respectively 


422 mg 
for the resin free 

From tables 
it can be seen that the percentages and rates of drug 


and 
these 
release from the two ointments are about the same 
The results show that a high concentration 
idsorbate 


if resin 


is necessary to achieve a rate of drug re 


argent S-25275 


‘Globe Laboratories, Fort Worth, Tex 
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TABLE I DIFFUSION OF SULFADIAZINE FROM 


OINTMENT INTO SERUM 


Resin Ointment 

Serum Total 

mg./50 
mil 


FPree- Drug Ointment 
Serum Total 
Amount, 


Amount, mg. /50 


6.84 1.84 
( 9.32 - 3 2 54 
12 14.75 3.33 , j 3.83 
24 21.83 . . 5.18 


* > » a 
ob D.o¢ ‘ ‘ 2.40 


lease comparable to a base containing free drug, 
but that effective exchange between serum and such 
an adsorbate in an ointment base does occur to an 
appreciable extent and at a constant rate of release 
Rate Diffusion Studies with Neomycin Ointments. 
Similar studies of diffusion rates were undertaken 
with preparations containing neomycin in both free 
ind resin-adsorbed forms. However, the ultraviolet 
spectrophotometric method of Dutcher 
et al., is unsuited for the analysis of neomycin in 
blood serum, due to the presence of interfering sub 
Diffusion into artificial electrolyte solu 
tions was tried, but the presence of soluble oint 
ment components in the solutions again interfered 
with the ultraviolet analysis. Attempts to extract 
these components by shaking out with various im 
miscible solvents failed to improve the results of the 
The ninhydrin (7) and carbazole (8 
tests for neomycin were also found to be unsuited 
Due to the lack 
ind sensitive chemical means of analysis, 
diffusion with the 
preparations were abandoned 


assay of 


stances. 


analysis 


for these tests for various reasons 
of a reliable 
ittempts at 


studies neomycin 


BACTERIOLOGICAL TESTING 


Besides showing that the ointments had a sig 
nificant antiseptic action, it was desirable to demon- 
strate that the ointment bases containing drugs in- 
corporated on ion exchange resins gave a continued 
effective antibacterial action beyond that achieved 
\ special method 
involving the transfer of ointment samples to fresh 
inoculated agar at definite time intervals was utilized 
to show this 

General Procedure.—_ Small plastic diffusion cups 
9 mm. in diameter and 5 mm. deep with cellophane 
dialysis membranes over one end were used in a 
specially agar plate method of testing 
In practice the cups, each containing about 300 mg 
of ointment spread on the inner surface of the mem 
brane 


by the bases containing free drug 


adapted 


, were placed on the surface of inoculated agar, 
incubated 24 and the zones of inhibition 
measured rhe diffusion then 
transferred to fresh inoculated agar at 24-hour inter 
vals, 
In this way it was possible to obtain a comparison of 


hours, 


samc cups were 


the zones of inhibition being noted each timc 


the effects of prolonged antibacterial action among 
the various ointments 

The test organism was a 
pyogenes var. aureus (Staph. aureus 209 P) ob 
tained stock cultures of the Purdue 
Bacteriological Department \ fifth day broth 
was always used in plating. In order to 


strain of Micrococcus 
from the 
aol 

cuiture 


with the ton ex- 
nutrient agar 


electrolytes for exchange 


change resins in the 


provide 
omtments, the 
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was made with an artificial plasma electrolyte solu- 
tion 
Fox, et al. (9 


Its formula, based upon one developed by 
, is as follows: 
8.20 Gm 
0.38 Gm 
0.55 Gm 
0.30 Gm 
1,000.00 ml 


Sodium chloride 
Potassium chloride 
Calcium chloride 
Magnesium chloride 
Purified water, to make 
that 
solu 


Preliminary 
the nutrient agar made 
tion did not affect the organism 
Likewise, tests of the without in 
corporated drugs showed that the bases themselves 


bacteriological testing showed 
with this electrolyte 
growth of the 
ointment bases 
contained no ingredients causing bacterial inhibition 

Testing of the Neomycin Ointments.—-The follow 
ing neomycin ointments were tested over a fourteen 
day period, using the general procedure of daily 
transfers outlined above: (a) pectin hydrophilic 
40°), hydrated Amberlite XE-64 
adsorbed neomycin, (b Veegum base 
hydrated Amberlite XN E-64 resin 
neomycin, (c) pectin hydrophilic 
base containing 5.6 mg. of neomycin sulfate pet 
Gm., and (d) Veegum base containing 5.6 mg. of 
neomycin sulfate per Gm 

The amount of free drug present in the bases was 
based upon the concentration of neomycin 
usually found in commercial products. The amount 
of drug adsorbed on the resin is greater, calculated 
is follows: X E-ti4 
of adsorbing 770 mg. of 


base containing 
resin 
containing 40°; 
with 


with 


adsorbed 


base 


One gram of completely dry 
resin was found capabk 
neomycin. It was found experimentally that hy 
drated XNXE-64 contained 73°, 
water Phis high percentage was due to the swelling 
and water adsorption capacity of the weakly 
crosslinked carboxylic acid cation exchange resin 
One gram of an containing 40°, 
hydrated XE-4 resin adsorbate therefore contained 
17 mg. of neomycin 


resin adsorbate 


ointment base 


The concentrations of the drugs in the various 
had 
studies that a high 
required to 
quantitatively equal the release of free drug from a 


base 


bases were not equivalent. It been already 
noted in the serum exchange 
percentage of resin-adsorbate was 
\ study of continued release was desired here 


therefore in order to compare the various bases 
total drug concentrations in 
readings for each day 
expressed as a percentage of the initial reading, i. e 
the first The 
values obtained are shown in Fig. 1 


containing different 


this respect, the zone were 


day’s zone reading comparative 


PECTIN BASE WITH RE SIN-ADSORBATE 
2 )VEEGUM BASE WIT RESW-ADSORDATS 
sPECT N BASE WITH FREE CRUG 

VEEGUM BASE WITH FREE DRUG 


Inhibition zones of neomycin ointments 
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In the interpretation of results expressed as per- 
centages on the graph, two factors must be borne in 
mind. First, the diameter of the plastic cups used 
was 9 mm., therefore this represents a minimum 
value for all Secondly, though 
initial readings might be low, they would appear as a 
100°, value on the graph, thereby giving a mis 
leading picture of the relative efficacy of the various 
bases Po aid in the proper interpretation of these 
results, the 


readings even 


which the minimum 
value was achieved (i. e., the cup diameter) is shown 
for each preparation. Only the Veegum 
containing free neomycin showed any 


tion in this respect, the 


percentage at 


base 
wide devia 
base values being equal 
for the other three preparations 

rhe results that the pectin hydrophilic 
base was much superior to the Veegum base in the 
sustained release of free 


show 


drug, while the Veegum 
better release of 
drug. Both bases containing resin-ad- 
sorbed drug were superior to their counterparts con- 
taining free neomycin in sustained drug release, al- 
though significant differences in the case of the 
pectin hydrophilic ointments did not appear until 
after the fifth day 


base showed a continued resin- 


adsorbed 


ZONE 


> 
< 
fo) 
- 
” 
a 
. 


FREE DRUG 


Cent 


RES'IN-ADSORBED ORUG 


PER 


CUP DIAMETER 


CUP DIAMETER 


4 ‘ 7 : r 0 
Day 


Fig. 2 Inhibition zones of sulfadiazine ointments 


Testing of the Sulfadiazine Ointments. 
logic il pl ite 


Bacterio 
testing of sulfadiazine ointments was 
carried out over a ten-day 


procedures rhe 


period using the 
ointments tested 
pectin hydrophili containing 
wet 100-mesh Amberlite IRA-400 with 
sulfadiazine and (6) modified pectin hydrophilic 
base containing 5, free sulfadiazine 

One gram of ointment 
sulfadiazine, gram of 
ointment contained 74 mg. of sulfadiazine, the 
calculation of this value being explained in the 
section on serum exchange studies. The quantities 
therefore, percentages of the 


samc 
were: (a) 

or 
1% 


ads« hed 


modified base 


bh) contained 50 mg. of free 


while one resin-adsorbate 


ire not equivalent; 
initial value 
order to obtain a basis for comparison 


rhese results are shown graphically in Fig. 2. 


Zone were calculated for each day's 


readings in 


Vol. XLVI, No. 1 

The zones were larger in the case of the ion ex- 
change resin ointments, but the base containing 
the free drug appeared to have given the best sus- 
tained drug release over the entire period of time 
The percentage values for the cup diameters are 
shown on the graph to point out the differences in 
zone sizes. To obtain a comparison of the relative 
amounts of sulfadiazine diffusing into the agar, each 
plate was swabbed with an acidic solution of Ehr- 
lich’s reagent after the zone reading had been made 
rhis reagent, which gives an orange to yellow color 
with sulfonamides, has been used in ointment diffu 
sion studies of sulfa drugs into agar (10 Although 
a precise method of expressing color intensity was 
not possible, it was seen that the deepest colors were 
produced in the inhibition zones of the ion exchange 
resin ointment, a lighter color intensity being pro- 
duced by the free drug ointment 


DISCUSSION 


The results of the bacteriological studies indicate 
that in the case of an antibiotic such as neomycin, 
which has a high antibacterial action at a low con- 
centration, the use of resin-adsorbed drugs in oint- 
ment bases may prove to be a definite advantage, 
allowing a more prolonged activity than correspond- 
ing bases containing free drugs. However, the 
concentration of drug in resin-adsorbed form needs 
to be higher than in the free form in order to produce 
a comparable initial effective drug release and to 
maintain it over a period of time. In the case of 
sulfadiazine, which requires a greater concentration 
than antibiotics for an effective antibacterial action, 
the value of a resin-adsorbed drug in an ointment 
base is not well established, showing little advantage 
in the level of sustained drug release over a period of 
time, although high concentrations at the site of 
were qualitatively demonstrated. Addi 
tional studies on comparisons of the effects of dif 
ferent concentrations of drugs in both resin-ad 
sorbed and free forms need to be done in order to 
more definitely establish the value of ion exchange 
resin ointments 

pH Studies.—The pH values of all of the prepa 
rations tested in this study were determined with a 
Beckman Model H pH Meter, using a glass electrode 
The pectin hydrophilic base itself had a pH of 4.0, 
which remained about the same with free neomycin 
but which was seen to rise to 6.1 with the incorpora 
tion of the resin-adsorbate. This is probably due to 
acid adsorption by the carboxylic resin, with pre 
sumably some release of free neomycin. This tend 
ency for adsorption of hydrogen ion by the carboxy- 
lic type ion exchanger could be a favorable factor in 
the release of the drug on the skin, which normally 
has an acid pH. Furthermore, the resulting rise in 
pH would favor the action of the released neomycin, 
which is more effective in near-neutral or alkaline 
media (11) 

The Veegum bases were basic (about 8.0), little 
changes in pH being observed by the incorporation 
of drug or resin-adsorbate. The pectin hydrophilic 
base showed rises in pH with the addition of sul 
fadiazine-resin or free sulfadiazine sodium, this 
effect being most pronounced with the highly 
alkaline free drug 


release 
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Synthesis of Mono- and Diesters of Diphenic and 
Dihydroxydiphenic Acids* 


By HARSHADRAY R. PATEL}, DALE W. BLACKBURN}, and 
GLENN L. JENKINS 


Four new dialkylaminoalkyl monoesters of 
diphenic acid have been prepared. The 
compound, 2-methyl-2-diethylaminoethyl 2- 
carboxy-2’-biphenylcarboxylate, was  ob- 
tained in a crystalline form, but the nitrogen 
content was higher than the calculated value 
even after repeated recrystallization. Four 
new mono- and dialkylaminoalkyl esters of 
ethyl hydrogen diphenate and five new deriva- 
tives of 4,4’-dihydroxy- and 4,4’-dimethoxydi- 
phenic acids have been prepared. Sufficient 
amounts of these compounds have been pre- 
pared for pharmacological testing. 


several 


) D wee AND JENKINS (1) prepared 


diphenic and diphenamic acid derivatives for 


antihistaminic or possible antispasmodic activ 
ity. The antihistaminic activity was not suffici 
ently intense to warrant further pharmacological 


, 
) 


testing. However, 2-dimethylaminoethyl 2 
carbethoxy-2-biphenylearboxylate (I) was found 
to have a spasmolytic activity approximately 
equal to atropine (2). Variation of the acid and 
amino alcohol portions of the neurotropic proto 
type, atropine, has generally resulted in a 
decreased neurotropic activity and a concomitant 
increased musculotropic activity. Therefore, the 
potent neurotropic spasmolytic activity of the 
basic esters of diphenic acid warranted addi 
the 


sodium 


Jordin (3) 
acid 


tional investigation studied 


pharmacology of diphenic and 
Sodium diphenate was found to be 


The 


ity of the diphenic acid moiety would seem to 


diphenate. 


nontoxic and noncumulative nontoxic 
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make it of value as a carrier of physiologically 


active groups. 


COLEt COsvC.H,N Me 
(1) 


rhe basic esters of diphenic acid prepared by 
Demers and Jenkins (1) included the use of the 
common amino alcohols, 2-dimethylaminoethanol 
and 2-diethylaminoethanol. Since there are 
many other amino alcohols whose esters possess 
marked therapeutic properties, a part of the 
purpose of this investigation was to prepare 
mono- and diesters using such amino alcohols 
rhe (II) the 
reaction of diphenic anhydride with the respec 
tertiary The 


(II1) were prepared by the reaction of ethyl 2’- 


monoesters were prepared by 


tive amino alcohols. diesters 
chloroformyl - 2 - biphenylearboxylate with the 
respective amino alcohols. One diester was also 
prepared by the reaction of the potassium salt of 


the monoester acid with ethyl iodide 


ll 11] 
Mono 


R= or dialkylaminoalky! 


Che synthesis of the unsymmetrical esters of 
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t.4’-dihydroxy- and 4,4’-dimethoxyvdiphenic acids 


IV) was attempted to examine the effect of the 
hydroxy and methoxy groups on the physiological 


activity 


RO OR 


CO.Et COnC.H NEt 


1\ 


Diphenic acid was nitrated to give a mixture 
rhe 


reduced to the cor 


of 4,4°- and 4,6°-dinitrodiphenic acids. 


nitro acids were directly 


responding amino acid dihydrochlorides which 
are readily separated. The 4,4’-diaminodiphenic 


acid dihydrochloride was tetrazotized, and the 
hydroxy groups were introduced upon hydrolysis 


rhe 
acid was prepared by the reaction of the phenolic 


dimethyl ether of 4,4’-dihydroxydiphenic 


acid with dimethyl sulfate. The anhydrides of 
the phenolic and methoxy acids were prepared 
by refluxing with acetic anhydride Phe anhy 
drides were then refluxed with ethanol to give the 
half esters and with thionyl chloride to give the 
corresponding acid chlorides. An attempt was 


made to prepare the unsymmetrical esters by 
refluxing the acid chlorides with 2-diethylamino 


ethanol 


EXPERIMENTAL 


All mel 


wid are um 


ting pots of the derivatives of diphenic 


' 


orrected, while the melting points of the 


derivatives of the nuclear substituted diphenic acids 

ire corrected 
Intermediates. 

iccording to the 


Syntheses (4 


Dipheni wid was prepared 
method deseribed in 
rvddition of 


concentrated hydrochloric 


Organ 
except for the reverse 
immonium diphenate to 
icid to prevent the formation of small lumps of 
Yields of 80 to 92 per 
were obtained, ind = tthe cream-colored 
melted at 228-230) inhye ride 
pared according to the method of Roberts and John- 
Che melting point of 222-224° agreed with 
that reported (6 Ethyl hydrogen diphenate was 
prepared according to the method of 
ind Kochman (7), and the 
92 Ethyl 2’-chloroformyl-2-biphenylearboxylate 
was obtained by refluxing ethyl hydrogen diphenate 
repurified thionyl chlorid rhe 
icid chloride was used directly in the 


copper compounds cent 
powder 
Diphenic was pre- 


son (5 


| nd rwood 
melting point was 1 


with previously 
residue of the 
preparation of the corresponding diesters 

4,4'- and 4,6’-Dinitrodiphenic Acids.—-To a mix 
ture of 850 ml. of fuming nitric acid, A. R., and 
80) mil idded 327 


solution 


of concentrated sulfuric acid was 
Gm. (1.35 moles) of diphenic acid Phe 
was slowly heated to 90-95° and the reaction was 
illowed to continue for six hours Phe cool brown 
solution was poured onto approximately 3,000 Gm 
ind filtered The 


thoroughly washed with water and 401 Gm 


light vellow crystals were 
89.2" 


of ice, 
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of the dinitrodiphenic acids were obtained rhe 
+,4’-dinitrodiphenic acid was not separated from th 
+,6’-isomer structural 
readily be separated as the corresponding amino 
icid dihydrochlorides 

4,4’- and 4,6'-Diaminodiphenic Acid Dihydro- 
chlorides.—-The 4,4’- and 4,6’-dinitrodiphenic acids 
reduced with metallic tin in 
hydrochloric acid (8 The 4,6’'-diaminodipheni 
wid dihydrochloride was insoluble in cool water and 
was separated from the 4,4’-isomer. The tin in the 
filtrate was removed with hydrogen sulfide, and the 


since the two isomers can 


were concentrated 


solution of 4,4’-diaminodiphenic acid dihydrochlo 
ride was concentrated until a precipitate formed on 
the surface. The hydrochloride was filtered from 
the cool solution and was repeatedly recrystallized 
from 10 to 15 per cent hydrochloric acid \fter re 
covery of the mother liquors, a total vield of 562 
per cent of 4,4’-diaminodiphenic acid was obtained 
rhe free amino acid had a melting point of 256-259 
with decomposition he reported melting points 
250-251 9) and 265° (10 
Caled. for Cy HO NeCl N, 
N. 8.11; 8.12 
rhe structural isomer, 4,6’-diaminodiphenic acid 

dihydrochloride, was recrystallized from 5 per cent 


were 
tnal 8.12; 


Found 


hydrochloric acid using Norite to remove the brown 
Fine white crystals resulted which rapidly 
darkened upon exposure to the air rhe melting 
point of the free amino acid was 327-330° with de 


color 


composition and the reported melting point was 
312-313° with decomposition (10 

4,4'-Dihydroxydiphenic Acid. The procedure was 
essentially that of Adkins and co-workers (10) in 
they tetrazotized 4,4°-diaminodiphenic acid 
with nitrous acid and hydrolyzed the tetrazonium 
salt by concentrating the dilute hydrochloric 
solution. The addition of 2 Gm. of urea to destroy 
the slight excess of nitrous acid after the tetrazotiza- 
tion eliminated the separation of a dark brown oil 
ind improved the yields upon subsequent hydrolysis 
rhe tetrazonium salt was not completely insoluble in 
the dilute hydrochloric acid as reported 

The use of a dilute sulfuric acid medium to reducs 
the possible chloride replacement of the diazonium 
d the viclds and gave a water-insoluble 
by-product after Repeated recrystal 
lization from water with the use of Norite was nec 
essary to remove all of the yellow azo impurities from 
the fine white needles of 4,4’-dihydroxydiphenic 
acid \n analytical sample of the phenolic acid 
had a melting point of 282-285° with decomposition 
ind the reported melting point was 278° (10 

{mal.—Caled. for Ci,sxHiwOe¢: C, 61.32; H, 
Found: C, 61.21; H, 3.81 

The diethyl ester was obtained by refluxing th 
phenolic acid with absolute ethanol saturated with 
hydrogen chloride The impure diethyl 4,4’ 
dihydroxydiphenate was recrystallized from 30 per 
was 


which 


wcid 


groups reduc 
hydrolysis 


3.68 


cent ethanol and a melting point of 151-153 
The dimethyl ester was prepared in a 
similar and recrystallized from 30 per cent 
methanol. The melting of the dimethyl 
1,4’-dihydroxydiphenate was 209-211 
4,4'-Diacetoxydiphenic Anhydride.--Fourteen 
grams (0.0511 mole) of 4,4’-dihydroxydiphenic acid 
was refluxed five hours with 
of acetic anhydride. The phenolic acid slowly went 


obtained 
way 
point 


156 Gm. (1.53 moles 
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into solution and the anhydride precipitated upon 
cooling. The crude product was washed with 10 per 
cent sodium carbonate and was recrystallized from 
toluene. Five and one-tenth grams (29.4%) of 
4,4’-diacetoxydiphenic anhydride obtained. 
No improvement in yield could be realized by re- 
fluxing the phenolic acid eleven hours with excess 
acetyl chloride. The melting point of the anhydride 
was 216-219° and the compound was insoluble in 
cool 10 per cent sodium carbonate. A spot plate 
test for an anhydride gave a positive test with 
several samples of the compound (11). 

4,4’ - Diacetoxy - 2 - carbethoxy - 2’ - biphenyl- 
carboxylic Acid.—Five and one-tenth grams (0.015 
mole) of 4,4’-diacetoxydiphenic anhydride was re- 
fluxed with 55 ml. of absolute ethanol for one and 
one-half hours. The excess ethanol was removed 
and 5.5 Gm. (95%) of the half ester was obtained. 
The melting point was 161.5-163° after recrystal- 
lization from dilute ethanol. The half 
readily soluble in 10 per cent sodium carbonate in 
contrast to the insolubility of the anhydride. The 
neutralization equivalent obtained by nonaqueous 
titration was 398 (calculated neutralization equiva- 
lent was 386) 

4,4'-Dimethoxydiphenic Acid.—The method out- 
lined in Organic Syntheses (12) for the preparation 
of trimethylgallic acid was used as a guide in the 
preparation of the dimethyl ether of 4,4’-dihydroxy- 
diphenic acid. Ten grams (0.0365 mole) of the 
phenolic acid was dissolved in 100 ml. of 10 per cent 
sodium hydroxide. To the light brown solution was 
added 15.8 Gm. (0.125 mole) of dimethyl sulfate in 
two equal portions with thirty minutes of vigorous 
shaking after each addition. The solution was re- 
fluxed for two hours and 4 Gm. of sodium hydroxide 
in 5 ml. of water was added to the hot solution. The 
solution was refluxed an additional two hours to 
saponify any methyl ester that may have been pro- 
duced. The solution was acidified with 15 ml. of 
concentrated hydrochloric acid and the insoluble 
methoxy acid was filtered. The impure methoxy 
acid was recrystallized from water and 9.57 Gm. 
(86.8°,) of 4,4’-dimethoxydiphenic acid was 
tained after recovery of the mother liquors. 
melting point 241-243.5°. Frank and 
workers (13) prepared this compound by coupling 
methyl 2-iodo-5-methoxybenzoate with copper 
bronze and reported a melting point of 245-248° for 
the free methoxy acid. The neutralization equiva- 


was 


ester is 


ob- 
The 


was co- 


TABLE I.— 
Lf. = 


4 


R Recrystallization Solvent(s) 


Benzene; 
troleum ether 
n-Propanol 


3-Diethylaminopropy] 


3-Di-n-butylaminopropyl 

1-Methyl-2-dimethylaminoethy] 
benzene 

2-Methyl-2-diethylaminoethy] 


1-Methyl-4-diethylaminobutyl Alcohol 


* The high per cent of nitrogen cannot be explained. 


CO.H COR 


alcohol-pe- 


Ethyl methyl ketone; 3.§ 33-1: 4 


Ethyl methyl! ketone; 35.§ 82-18: 3 
aqueous acetone 4 
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lent was 150 (calculated neutralization equivalent 
was 15l). 

2 - Carbethoxy - 4,4’ - dimethoxy - 2’ - biphenyl- 
carboxylic Acid.—Seven grams (0.0247 mole) of 
4,4’-dimethoxydiphenic anhydride was refluxed one 
hour with 35 ml. of absolute ethanol. The impure 
half ester was recrystallized from dilute ethanol 
using Norite to remove the tan color. Five and 
two-tenths grams (63.5%) of the half ester was ob- 
tained and the melting point was 139-142°. The 
neutralization equivalent was 293 (calculated neutra- 
lization equivalent was 330). 

2 - Diethylaminoethyl 2 - Carbethoxy - 4,4’ - di- 
methoxy-2’'-biphenylcarboxylate.—Five and two- 
tenths grams (0.0158 mole) of 2-carbethoxy-4,4’- 
dimethoxy-2’-biphenylearboxylic acid was dissolved 
in 40 ml. of dry benzene and was refluxed seven 
hours with 4.0 Gm. (0.05 mole) of purified thionyl 
chloride. The benzene and excess thionyl chloride 
were removed under vacuum. Two 10-ml. portions 
of dry benzene were added in succession and also 
removed under vacuum. The viscous oil could not 
be distilled at 0.4 mm_.; however, the cooling of the 
residual oil resulted in a solid. The acid chloride 
was recrystallized from a mixture of benzene and 
petroleum ether, and the melting poitit of the orange 
crystals was 119-121°. The acid chloride was then 
refluxed two and one-half hours with 1.87 Gm. 
(0.016 mole) of 2-diethylaminoethanol in 50 ml. of 
dry benzene. The hydrochloride of the basic ester 
was shaken out of the benzene layer with water 
acidified with a few drops of concentrated hydro- 
chloric acid. The combined aqueous extracts were 
made basic with 10 per cent sodium carbonate and 
the free base shaken out with ether. The combined 
ether extracts were dried over anhydrous sodium 
sulfate and the ether was evaporated. The result- 
ing oil was heated on a steam bath under a vacuum 
of 0.2 mm. to remove the slight excess of 2-diethyl- 
aminoethanol. The viscous oil was dissolved in cold 
anhydrous ether and the hydrochloride was pre- 
cipitated as a semi-solid by the cropwise addition of 
a saturated solution of hydrogen chloride in anhy- 
drous ether. 

Anal.—Caled. for Ca4aHwOgNCl: N, 3.01. 
2.98. Cl, 7.61. Found: 7.82. 

The same procedure was applied to the prepara- 
tion of 2-diethylaminoethyl 2-carbethoxy-4,4’-di- 
hydroxy-2’-biphenylearboxylate. An attempt to 
hydrolyze the acetyl groups of the resulting hydro- 


Found: 


DIALKYLAMINOALKYL MONOESTERS OF DIPHENIC AcID 


Nitrogen Analyses 
Caled Found 


&9 3.79 


Vield, 
-— 
t 
56.2 3 


3.41 3.34 
28 4.11 
38° 
2 


3.69 


a4 4 


3.65 
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DIPHENATE 


CO.Et COR 


Reflux 
Time, 

Hours 
12 


12 


R . Hydrochloride p.m 

2-Isobutylaminoethy] \ 

3-Diethylaminopropy!] B 

1-Methyl-2-dimethyl- B,C 
aminoethyl 


Ethanol 
Ethanol 


ether 
1-Methyl-2-cyclohexy Ether 


aminoethyl 


* Some material was lost during recrystallization 


Recrystallization 
Solvent(s) 


Ethyl acetate-ether; 
ethanol-petroleum 


Nitrogen 

Vield, Analyses 
% _* Ae - Caled. Found 
15.6 145-146 3.45 3.5] 
57. 6° 109-110 3.34 3.30 
28.6 133 .5-134.5° 3.58 3.79 


ethanol 


19.6 149-150 


6 There was no depression in the melting point when equal parts of the products obtained from the two procedures 


intimately mixed 


chloride with 5 per cent barium hydroxide also split 
off the ester groups as 4,4’-dihydroxydiphenic acid 
was recovered from the cool acidified solution 
Dialkylaminoalky! Monoesters of Diphenic Acid. 
The monoesters listed in Table I were prepared by 
refluxing equimolar (0.05 to 0.1 mole) quantities of 
diphenic anhydride and the indicated amino alcohol 
in 10 to 50 ml. of ethyl methyl ketone on a steam 
bath for one totwohours. The crude products were 
isolated by precipitation from the cool reflux solvent 
or the solvent was removed by evaporation. The 
preparation of the monoester, 1-methyl-2-diethyl 
aminoethyl 2-carboxy-2’-biphenylearboxylate, re 
sulted in an oil which resisted attempts at crystal- 
lization 
Mono- and Dialkylaminoalkyl Esters of Ethyl 
Hydrogen Diphenate.-—The diesters listed in Table 
II were prepared by the following three procedures 
Procedure A.—The procedure of Cope and Han 
cock (14) was used as a guide to prepare the diesters 
containing a secondary amino group in the amino 
ilcohol The hydrochloride of the amino 
alcohol was formed by saturating 0.05 mole of the 
amino alcohol in 15 ml. of chloroform with hydrogen 
chloride The chloroformic hydrochloride 
udded directly to mole of ethyl diphenoyl 
chloride and refluxed the indicated amount of time 
The 2-isobutylaminoethyl ester was isolated by re- 
moving the solvent and rubbing the hydrochloride 
under ether The 1-methyl-2-cychlohexylamino 
ethyl ester was isolated by adding the cool chloro 


movrety 


was 


OOS 


formic solution to 100 ml. of 16 per cent sodium car 
The chloroform layer was separated and 
the aqueous layer four times with 
ether he combined chloroform and ether extracts 
were dried over anhydrous sodium sulfate, and the 
hydrochloride was precipitated by passing hydrogen 
chloride into the solution 

Procedure B Phe prepared by 
refluxing equimolar of the 
amino alcohol and ethyl 2’-chloroformyl-2-biphenyl 
carboxylate in 40 ml. of benzene for the indicated 
amount of time. The solvent was removed and the 
residue was dissolved in 60 ml rhe solu- 
tion of the hydrochloride was boiled with activated 
ind filtered rhe clear 


bonate 
was extracted 


diester 


th thy 


was 


mole) quantities 


of water 


charcoal solution was mad 


basic with 6 N sodium hydroxide and the free base 
extracted with ether. The combined ether 
extracts were dried over anhydrous sodium sulfate 
and the hydrochloride was precipitated by passing 
hydrogen chloride into the solution 

The 1-methyl-4-diethylaminobutyl ester hydro 
chloride resisted attempts at crystallization and a 
viscous oil was obtained 

Procedure C.—One-hundredth mole of ethyl 
hydrogen diphenate and an equivalent amount of 
potassium hydroxide pellets was refluxed in 10 ml. of 
benzene forty minutes until the potassium hydroxide 
dissolved. To the resulting ethyl potassium di- 
phenate was added 0.01 mole of ethyl iodide and the 
mixture was refluxed three hours. The insoluble 
potassium iodide was filtered and the solvent was 
removed by evaporation. The residue was dis 
solved in dry ether and the hydrochloride was pre 
cipitated by passing hydrogen chloride into the solu 
tion 


was 
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Extraction of Constituents of Lyophilized Atropa 
Belladonna* 


By E. B. SOMMERS} and E. P. GUTH? 


A study of lyophilization as it affects the extraction of the alkaloids, chlorophyll A 
and B, total extractive, total nitrogenous extractive and soluble carbohydrates of 


Atropa belladonna L. was made. 


The leaves that were lyophilized were frozen at 
the moment of collection so as to retard any possible enzymatic reactions. 


The re- 


sults show that lyophilization of Atropa belladonna leaves does not affect the amount 
or rate of extraction of alkaloids, but the amount of total extractive, soluble ni- 
trogenous material, soluble carbohydrate, and the quality of chlorophyll are affected. 


pointed out cellular 


Bo (1) that the 

metabolism of plants takes place only in the 
presence of enzymes. Sizer and Josephson (2) 
found that low temperatures retarded the rate of 
enzymic Balls 


found the rate of hydrolysis of enzymatic sub 


systems and Lineweaver (3) 
strates in the solid state to be not more than 2 per 
cent of that occurring in identical substrates in 
supercooled liquid of the 
Nelson (4) 
Guth (5) have shown that lyophilization had 
marked effects on the leaves of Atropa belladonna 
and two species of digitalis leaves. 


same temperature. 


Chambers and and Cosgrove and 


It has been 
pointed out that the majority of enzymatic re 
actions have an optimum temperature range of 
10 to 50 
vated at 0 


, and that most enzymes will be inacti 
or lower (6). Chibnall (7) reported 
that drying of plant tissue at temperatures of 30 
to 50° increased the water-soluble nitrogenous 
products. Nelson (4) found 


amide nitrogen in oven-dried leaves of bella 


Chambers and 
donna to be double that found in lyophilized 
Link and Tattingham (8) showed that 
drying temperatures of 60 


leaves. 
affected the carbo- 
hydrates in plant tissue 

In the light of these reports it seemed desirable, 
therefore, to study the possible effect that lyo 
philization of Atropa belladonna leaves would 
official 


making fluidextracts were applied. 


have when processes of extraction for 


EXPERIMENTAL 


Collection.—The leaves of Atropa belladonna L 
used in this investigation were collected from the 
drug garden of the College of Pharmacy, The Ohio 
State University. Leaves from each of the plants 
were divided into two lots, “A” to be oven-dried, 
ind “B” to be lyophilized. All samples to be 


* Received October 5, 1955, from the College of Pharmacy, 
The Ohio State University, Columbus 10 

Based upon a dissertation submitted by E. B. Sommers 
to the Graduate School of the Ohio State University, in 
partial fulfillment for the degree of Doctor of Philosophy 

Presented to the Scientific Section, A. Pu. A., Miami 
Beach meeting, May 1955 

+ Present address: College of 
Oklahoma, Norman 

t Pro’essor of Pharmacy Ihe 
College of Pharmacy, Columbus 


Pharmacy, University of 


Ohio State University, 


lyophilized were packed in dry ice immediately on 
harvesting in order to prevent possible changes in 
the constituents due to enzymatic or other types of 
reactions 

Drying.—Sample ‘“‘A’”’ was dried in the Stokes 
Oven Model 38-B, controlled at 50° for 36 hours 
Sample ‘“‘B” lyophilized by means of the 
Stokes Freeze-Drying Equipment Model 2004-L 
at 250 microns pressure and at a temperature of less 
than 35° on the drying plates 

Powder Size.—The oven-dried material was re- 
duced to powders number 20, 40, and 60 according 
to the directions of the U. S. P. XIV. The lyo- 
philized material was treated in the same manner 
All powders were placed in tightly closed bottles 
containing small bags of Drierite and stored in a 
dark cool place 

Moisture Content.—-The moisture content was 
determined according to the U. S. P. XIV method 
for material containing no principles volatile at 
100 Results are given in Table I 


was 


raB_e | PERCENTAGE OF MOISTURE 


Powder 
Size 
No, 20 
No. 40 
No. 60 
No. 20 
No. 40 
No. 60 


Method of Moisture, 
Drying % 
Oven 
Oven 
Oven 
Lyophilized 
Lyophilized 
Lyophilized 


Determination of Total Alkaloids.-The oven- 
dried and lyophilized powders were assayed for 
alkaloidal content by the U. S. P. XIV method 
rhe results are given in Table II 


TABLE II PERCENTAGE OF ALKALOIDS 
PRESENT IN POWDERS OF BELLADONNA LEAVES 


No. of 
Determi 
nations 


Method of 
Drying 


Powder 
Size 


No. 20 
No. 40 
No. 60 
No. 20 
No. 40 
No. 60 


Av. Per 
centage 
Oven 3 0.51 

Oven : 52 
Oven < 48 
Lyophilized : 53 
Lyophilized : 54 


Ps 


Lyophilized 3 53 


Rate of Alkaloidal Extractioa.—A 50-Gim. sample 
of each powder size of the oven-dried and lyophilized 





56 ‘ 
materials was extracted according to the process 
specified by the N. F. IX for the preparation of 
belladonna leaf fluidextract with the exception that a 
total of 500 ml. of percolate was obtained in five 
successive 100-ml. portions for each sample 

The menstruum consisted of 3 volumes of alcohol 
and 1 volume of water. The alkaloidal contents of 
the percolate fractions are given in Table IIL. 


TABLE III 


Method of 1-100 
Drying cc 
152 
162 
ro 


Powder 
Size 
No. 20 
No. 40 
No. 60 
No, 20 
No. 40 
No. 60 


Oven 
Oven 
Oven 
Lyophilized 
Lyophilized 
Ly yphilized 


168 
171 
190 


* Each figure represents an average of 9 determinations; 


each powder size 


Cklorophyll Determination.—Total chlorophyll, 
chlorophyll “A,” and chlorophyll “B” contents of 
the powders were determined by the aA. GO A. 
method (9) using a Beckman D U spectropho- 
tometer. The percentages of total chlorophyll, 
chlorophyll “A,” and chlorophyll “B” were calcu- 
lated on the dry weight basis of the leaves. The 
results are given in Table IV. 

AND 


IV.—PERCENTAGE OF CHLOROPHYLL A 


B In BELLADONNA LEAF 


TABLE 


rotal 
Chloro 
phyll 


Chloro 
phyll B, 


Chlioro 
Powder phyll A, 
Size wy // 

Oven-dried 
No 
No 
No 


19 
16} 
1S 


20 0 
41) 0 
60 0 


Lyophilized 
No. 20 
No, 40 
No. 60 


L 
a > 
Dw 


IN Mg 
2 & 
IN Mgm/ 


im / 


n 


“ @Y @ 


7 


HLOROPHYLL 


OF CHLOROPHYLL 
ON 


CONCENTRATION 


CONCENTRAT 
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Fig. 1 
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Rate of Chlorophyll Extraction.—Calibration 
curves were prepared for oven-dried and lyophilized 
powders according to the procedure of Comar, 
Benne, and Buteyn (10). A series of dilutions were 
made from the 85°, acetone extracts that were used 
for the total chlorophyll determinations. The light 
transmission of each of these dilutions was measured 
immediately after their preparation on a Fisher 


ALKALOIDS IN BELLADONNA PERCOLATES 


Alkaloidal Content of Percolates (mg.)* 
: 100 5-100 
cc ce cc 
27 25 18 
20 18 
10 


34 21 17 
30 24 18 286 
10 280 


46 
93 oo” 
14 276 


Total 
ovr 
2/9 
oF 


cc 
53 
49 22 27 


254 


45 } 22 
31 24 17 


3 percolates of 


Electrophotometer AC Model using a 650-A filter 
The chlorophyll content of each of the diluted solu- 
tions was then calculated from the values obtained 
from the stock solutions. Calibration curves were 
constructed by plotting the per cent of light trans- 
mitted against the concentration of the 
chlorophyll. 


known 


Five grams, accurately weighed, of each of the 
oven-dried and lyophilized powders of the leaves 
were packed in 80-ml. percolators having equal 
diameters. The powders were moistened with 35 
ml. of 85°% acetone, and when the liquid was about 
to drip from the percolator, the lower orifice was 
closed and the powders were allowed to macerate for 
twenty-four hours. The percolation was then al- 
lowed to proceed at a moderate rate with new men- 
struum being added in 25-ml. portions as needed. 
50-ml. fractions of the percolate were 
collected and assayed by the method described. 
Percolation was discontinued when the transmission 
of light approached a minimum. The results are 
listed graphically in Fig. 1 

Sugar 


9 
oo 


Successive 


Determination.—Two hundred-ml. ali- 


IN Mgm/ 


PHYLL 


HLORC 


* 


CONCENTRATION 


} 


L LE bk pe | u bob | 


SUCCESSIVE 50 


as | 
SOCC, FRACTIONS] 


Rate of chlorophyll extraction from oven-dried and freeze-dried leaves of belladonna powder 
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TABLE V.—PERCENTAGE 


or ToTaL EXTRACTIVE, TOTAL NITROGEN, EXTRACTIVE 


ScrEnTIFIC EpITION 


NITROGEN AND TOTAL 


SUGARS IN BELLADONNA LEAF 


Total 
=xtractive, 
Powd % 
Oven-dried 
No 22.20 
No 25.56 
No. 26.20 
Lyophilized 
No 20.52 
No. 22.46 
No. 21.19 


¢ 


Total 
Nitrogen in, 
Extracts, 

-- 


Total 
Nitrogen in 
Leaves, 
or 


Total Sugars 
in Extracts, 
« o % 


5.10 
7.46 
8.01 


4.78 
7.15 
7.47 





quots of the percolates prepared in the same manner 
as those described under the determination of total 
extractives were clarified according to the A. O. A. C. 
method (12). With a 50-ml. aliquot of each clari- 
fied filtrate, 10 ml. of 36% hydrochloric acid, and 
25 ml. of distilled water were placed into a 100-ml. 
volumetric flask and aged at room temperature for 
fifteen hours. The mixture was then neutralized 
with anhydrous sodium carbonate, diluted to volume 
and thoroughly mixed 

The determinations for total sugar were carried 
out on 50-ml. aliquots of the neutralized samples 
according to the Munsen and Walker method (13). 
The results are presented in Table V. 

Total Extractives——Ten grams of each of the 
lyophilized and oven-dried belladonna powders were 
packed in an 80-ml. percolator and macerated for 
48 hours with a menstruum consisting of 3 volumes of 
alcohol and 1 volume of water. Continuous per- 
colation was then carried out at a rate of 1 ml. per 
minute. Completion of extraction was determined 
by a high transmittancy reading on an electropho- 
tometer. Sufficient quantity of the menstruum was 
then added to the percolates to bring each to a total 
volume of 150 ml 

Twenty-five-mi. aliquots were evaporated to dry- 
ness in tared dishes on water baths and were dried 
to constant weight at 110 The percentages of the 
extractives were calculated from the dry weights of 
the powders and are presented in Table V. 

Total Nitrogen in the Powders.—Total nitrogen 
determinations on the powders were performed to 
obtain an idea of how much proteolysis, as repre- 
sented by the nitrogen content of the hydro-alcoholic 
extracts, had occurred during the different drying 
procedures. Assays were performed directly on 
100-mg. samples of the powdered leaf using the 
method of Lindner and Harley (11). Since ex- 
traction was not involved, it was expected that the 
results should be approximately the same. See 
Table V. 

Total Nitrogen in Percolates.—Aliquots of 37.5 
ml. of the percolates prepared in the same manner as 
those described under the determination of total 
extractives were evaporated to dryness on a steam 
bath. The nitrogen content of the resulting extracts 
was determined by the Lindner and Harley method 
(11). The results are listed in Table V. 


DISCUSSION 


The results of this investigation show that lyo- 





philization has no advantage in preserving the total 
alkaloids of belladonna nor does it have any sig- 
nificant effect on the ease of extraction. The ap- 
pearance of the extract made from the lyophilized 
leaf is quite different from the extract made from 
the oven-dried leaf. The analysis of the powder 
for chlorophyll content gives reasons for this differ- 
ence. The data shows that the oven-dried leaf 
contains less total chlorophyll with the greatest loss 
represented in chlorophyll A. This data is in ac- 
cord with previous reports of Chambers and Nelson 
(4) and Cosgrove and Guth (5). The rate of ex- 
traction does not appear to be materially affected by 
the method of drying. Oven drying does seem to 
increase the amount of total extractive as the lyo- 
philized leaf gave approximately 1.68, 3.10 and 5.0 
per cent less extractive for the three respective 
powder sizes from 10 Gm. of drug than from the oven- 
dried leaf. Part of this increase in extractive from 
the oven-dried drug can be accounted for in the in- 
creased nitrogenous extractive and partly by the in- 
creased carbohydrate content. It is not possible 
from the data to account for the total difference of 
extractive from the oven-dried over the lyophilized 
leaf. The increase in the amount of extractable 
nitrogenous material and the increase in soluble 
carbohydrates is worthy of note. This shows that 
changes do occur to constituents of the leaves when 
subjected to oven-drying temperatures. These 
changes affect the solubility of certain components 
of the leaf. It is not beyond the realm of possibility 
that these differences could be reflected in the phar- 
macological action of extracts of belladonna. 
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A Pharmacological Study of a Series of 
Aralkylamines* 


By BOB WEST}, T. S. MIYAt, and L. D. EDWARDSS§ 


A series of aralkylamine hydrochlorides has 
been shown to possess spasmolytic as well as 
some degree of local anesthetic activity. 
Compounds D-236 and D-244 are the most 
potent antispasmodics, having 120 and 
108.439 of the activity of papaverine as 
tested by their ability to inhibit the spontane- 
ous contractions of guinea pig ileum. Both 
compounds possess approximately twice the 
activity of Pavatrine as tested on barium-in- 
duced spasms of the guinea pig ileum. Com- 
pound D-244 is the most toxic of the series 
(LDyw, between 10 and 15 mg./Kg. in mice), 
and also the most irritant as tested on the 
rabbit eye as well as by the method of Kuna 
and Cuchie. Compounds D-236 and D-238 
did not show an inhibition of unstimulated 
gastric secretions in rats at a dosage level of 
10 mg./Kg. 


Reet, 


synthesized as potential spasmolytics by 
Sinotte (1). 
amines presented in Table I with their correspond- 


A SERIES of aralkylamines were 


These compounds are secondary 


ing code numbers. 


EXPERIMENTAL 


Screening Test for Antispasmodic Action.—The 
relative effects on spontaneous intestinal contrac- 
tions were determined by employing an adaptation 
of the method described by Reinhard, et al. (2), and 
Dunham (3) utilizing isolated guinea pig ileum 
segments suspended in a bath of Sollman-Rade- 
maeker’s solution at 37.5 + 0.5°. The normal 
spontaneous contractions of guinea pig ileum were 
recorded, the spasmolytic agent was added and 
allowed to act for two minutes, and then washed out. 
Three strips were used for each determination. 

Results were recorded as either complete in- 
hibition or incomplete inhibition of the spontaneous 
contractions. The results were compared to the 
dose required for complete inhibition by the stand- 
ard spasmolytics atropine and papaverine. The 
results are presented in Table II 

In view of the fact that D-236, D-237, and D-244 
showed the most spasmolytic activity by this screen- 
ing test they were chosen for further pharmacological 
study. Compound D-—238 was chosen as a represen- 
tative of the cyclohexyl series worthy of further in- 
vestigation 

Pharmacology of D-236, D-237, D-238, and 
D-—244.—-The spasmolytic activity was determined 
on the isolated guinea pig ileum segments suspended 
in a bath of Tyrode's solution at 37°. Methacholine 
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chloride and barium chloride were employed as the 
spasmogens and doses used throughout the study 
were 1 wg. and 5 mg./75 ml. bath, respectively 
The effect of one compound in three concentrations 
was tested against the response of the spasmogenic 
on one segment of ileum. The three concentrations 
were adjusted by trial and error to bridge a 50° re- 
sponse. The dosage-response effects for each com- 
pound were made on three segments of ileum and the 
per cent responses were averaged for each com- 
pound. The logarithmic dose was plotted against 
the average per cent response and the amount re- 
quired to diminish the response to the spasmogenic 
by 50° was determined by interpolation. 

Pavatrine® (8-diethylaminoethyl fluorene-9-car- 
boxylate hydrochloride) and atropine sulfate were 
tested in a similar manner and served as the stand- 
ards. Pavatrine is reported to be one-seventh as 
active as atropine and one and one-half times as 
active as papaverine (4). The new synthetics were 
compared to the standards on the basis of weight and 
molar concentration 

The results are tabulated in Table III. The 
data derived through the above procedure correlates 
with that presented in Table II. Compounds D-236 
and D-244 again appeared to be the most potent 
members of the series. The most active compound 
of the series D-236, is approximately four times as 
active as D-—238, the weakest member of the series 
studied, and twice as active as Pavatrine. Com- 
pound D-—238, which is much weaker against barium 
spasms than D-236, D-244, or D-237, appears to 
possess a greater spasmolytic action against metha- 
choline spasms than the other compounds. How- 
ever, its spasmolytic action is less than '/,o99 that of 
atropine on a molar basis 

Approximate Acute Toxicity in Mice.—The pro- 
cedure followed was similar to that outlined by the 
National Safety Council (3). Adult albino mice of 
both sexes varying in weight from 19 to 32 Gm. were 
employed for the test. The compounds were all 
injected in a 1:1000 solution in distilled water via 
the lateral tail vein. Five animals per dosage level 
were employed. Mortalities were observed at the 
end of twenty-four hours. 


Lethal dosages of the drugs were generally ob- 
served to run a very rapid course. Often the animal 
had expired before removal of the mouse from the 
holder. Large doses of all the compounds pro- 
duced marked evidence of central nervous system 
stimulation. Sublethal doses of all the compounds 
tested produced progressively increasing generalized 
hyperexcitability and hypersensitivity. This activ- 
ity was general with D-—236 and D-—237. With D-238 
the animals showed signs of impaired respiration 
and clonic asphyxial convulsions. After injection 
of 10 mg./Kg_ of D-244 an immediate onset of severe 
clonic convulsions was observed which was not 
shown at similar dosage levels with the other com- 
pounds. Compound D-244 appears to be the most 
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TABLE I 


R—NH 


Code 
D-234 CH,;( CH, 
CH,;(CHe)s 
CH,(CH 


< 
\ 


oCHy 
(CH, 


(CH, 


CH; 


ScIENTIFIC EDITION 


STRUCTURES OF ARALKYLAMINES WITH CORRESPONDING CODE NUMBERS* 


CH—R! 


~_ CU 
“He 
CH; q , 


CH:—(CH:2),CHs 


CH.CH,—¢ 
X 


CH2CH:CH; 
CH,CH2CH; 


CH, CH; 
CH, CH.CH,CH; 


CH2(CH2)CHs; 
—CH:—(CH2)2CH; 
CH.CH; 


CH, 


CH.CH; 
H 

! 
C—CH; 

l 
CH; 
CH.CH,CH; 
CH,CH.CH; 


—CH; 


* All of the compounds were prepared and used as hydrochloride salts 


toxic of the compounds studied (LD between 10 
and 15 mg./Kg. in mice). The LDs values of com- 
pounds D-236, D-237, and D~-238 were between 
15-20 mg./Kg. The LD of Pavatrine in mice 
was between 15 and 20 mg./Kg. 

Local Anesthesia.—An adaptation of the rabbit 
cornea method described by Sollman was employed 
to measure topical anesthesia (6). Five animals 
were employed for the test. Due to the extreme 
insolubility of several of the compounds they were 
dissolved in double distilled water rather than the 
normal buffer solutions in which they are insoluble. 
The concentrations of the solutions employed for the 
evaluation of local anesthetic activity was 0.1% 
since this is the limit of solubility of D-236 and 
D-244. The mean durations of local anesthetic 
activity for compounds D-237, D-238, and D-—244 
were 20.8 (S. E. + 0.73), 8.0 (S. E. + 0.5) and 
12.4 (S. E. + 0.51) minutes, respectively. Com- 
pound D—236 did not exhibit local anesthetic activity 
on the rabbit cornea. The duration of anesthesia 


resulting from cocaine hydrochloride 0.5% was 
19.8 (S. E. + 0.8) minutes. By this method it 
appears that D-237 0.1% is superior to cocaine 
hydrochloride 0.5% in duration of anesthetic activ- 
ity on the rabbit cornea; D-238 and D-244 are in- 
ferior to cocaine hydrochloride. 

The guinea pig wheal method described by Bul- 
bring and Wajda (7) was used to investigate the 
degree of infiltration anesthesia produced by the 
compounds. All tests were made in a concentration 
of 0.1% in double distilled water and procaine hydro- 
chloride served as the standard. Five animals were 
used for each compound. The number of times the 
animal failed to respond to the stimuli during the 
thirty minute period was totaled and the sum out 
of a possible thirty-six gave an indication of the 
degree of anesthesia. When the “?’” test was applied 
(P = 0.05) between the procaine hydrochloride 
treated animals and those injected with compounds 
D-236, D-238, and D-244, compound D-—238 was 
observed to have an anesthetic effectiveness signif- 
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rasie II.—SpasmMorytic ACTIVITY OF A SERIES OF 


ARALKYLAMINES* 


Comparison 
to Atropine 
SOu, % 


Dose in mg./70 ml 
For Complete 
Spasmolytic Inhibition 
Papaverine 

HCl 
\tropine 
SO, 11 
D-234 15 
D-235 
D-236 
D-237 
238 
239 
-240 
-241 
242 
D-243 
D-244 
D-245 
D-246 
D-247 
D-248° 
D-249 2.! 


0.90 


mA 
Noe +ton 


A 
/ 


Go tn So ato eto 
cs : 
HEHEHE HH 


5¢ 





* Guinea Pig Ileum Magnus Method: Complete inhibition 
of spontaneous movement determined on three segments. 
Per cent of papaverine activity for the compounds may be 
approximately calculated by multiplying the per cent of 
atropine figures by 8. 

+6 Insoluble in Sollman-Rademaeker's solution. 
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Kuna and Cuchie (8). The four compounds were 
tested in dilutions of 0.05°) and 0.1% in double dis- 
tilled water. The total volume injected was 0.05 
ml. Two tests with each compound at each of the 
two dilutions were made. The greatest possible 
score for each compound was 80 according to the 
method of scoring of Kuna and Cuchie. Com- 
pound D-244 gave a numerical value of 32, D-236 a 
value of 26, D—238 and D-—237 numerical values of 
14 and 13 respectively It has been shown that a 
numerical value of 32 will cause pain (8). Control 
injections of distilled water in equal volume pro- 
duced no degree of irritation. 

Antisecretory Activity —The method of Risley, 
Raymond, and Barnes (9) was employed to screen 
D-238 and D-236 for their effects on unstimulated 
gastric secretions in pyloric ligated rats. These two 
compounds were selected because D-238 exhibited 
the greatest spasmolytic action against methacholine 
spasm (see Table III) and the fact that D-236 was 
shown to be the most active member of the series in 
previous tests. However, this testing was limited 
both by the insolubility of the compounds which 
would result in the administration of large volumes 
at higher dosage levels and by the inherent toxicity of 
the compounds. A dose of 10 mg./Kg. intraperi- 
toneally was administered to the test animals 
No significant difference in volume, free and total 


Tase III.—Tue RELATIVE SPASMOLYTIC ACTIVITY OF A SERIES OF ARALKYLAMINE 
HYDROCHLORIDES AGAINST BARIUM AND METHACHOLINE INDUCED SrasMS ON THE GUINEA P1G ILEUM 








Amount for 

50% Reduction 
Spasmolytic mg./bath)¢ 
Pavatrine 
Atropine SOQ, 
D-238 1 
D-244 0: 
D-237 OK 
D-236 0.2 


Activity Compared 
to Pavatrine HCl, 
o 


© 
100.00 


Amount for 
50% Reduction 
(mg./bath)> 


Activity Compared 
to Atropine SOx, 
% 


0.0001 100.00 


65.83 0.04 0.23 
254 84 0.29 0.03 
149 _ 06 0.18 0.01 
282.14 0.32 0.03 


s Inhibition of induced barium chloride (5 mg 75 mi. bath) spasms. 


6 Inhibition of induced methacholine chloride (1 sg 


icantly higher (23.8 + 1.74 vs. 18.8 + 1.14) than 
procaine hydrochloride. The anesthetic potencies 
of compound D-236 and D-244 (0.1%) were not 
significantly different from that of procaine hydro- 
chloride (0.1%). Compound D-237 seemed to be 
devoid of local anesthetic activity by intracutaneous 
injection. 

Irritation.—The irritation tests on the rabbit 
cornea were performed simultaneously with the local 
anesthetic tests on the rabbit cornea. The drugs 
were dissolved in double distilled water. The solu- 
tions were instilled into the conjunctival sac and 
allowed to remain for one minute. The other eye 
served as the control. Observations were made 
during the period of surface anesthetic testing and 
at the end of twenty-four and forty-eight hour 
periods. Five animals were used for each com- 
pound. From the observations on the rabbit 
cornea it appears that compounds D-244 (pH 6.05) 
and D-236 (pH 5.80) are much more irritating 
than compounds D-237 (pH 6.25) and D-238 
(pH 6.4). 

Irritation was also determined by subcutaneous 
injection into the rabbit’s ear by the method of 


75 ml. bath) spasms. 


acidity was observed when the “‘?’’ test was applied 
(P = 0.05) between the control groups and groups 
receiving compounds D-236 and D-238. 


DISCUSSION 


On the basis of the inhibition of spontaneous 
guinea pig ileum movements, compounds D-236 and 
D-—244 were shown to be the most active members 
of the series studied. Examination of the struc- 
tures of D-245 (1-cyclohexylamino-1-phenyl heptane 
hydrochloride), D-246 (1-cyclohexylamino-1- 
phenylpentane hydrochloride), D-247 (1-cyclo- 
hexylamino-l-phenylpropane hydrochloride), and 
the spasmolytic activities of these compounds (refer 
to Table II) reveals that as the carbon chain length 
increases the spasmolytic activity increases. A 
further comparison of the structure of D-—236 
(1-n-butylamino-l-phenylheptane hydrochloride), 
and D-245 indicates that the replacement of the 
butylamino by the cyclohexylamino grouping re- 
duces the spasmolytic activity of the most potent 
member of the series by 80% (refer to Table IT). 

The representative compounds D-236, D-237, 
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D-238, and D-244 inhibit the barium chloride-in- 
duced spasms in the same relative order as their 
ability to inhibit the spontaneous contractions of 
guinea pig ileum. Compounds D-236 and D-244 
again appear to be the most potent members of the 
The nature of the spasmolytic action ap- 
pears to be primarily musculotropic since their 
ability to inhibit a methacholine-induced spasm is 
many fold less than that of atropine. 

The slight alterations in the structures of the 
four compounds on which the toxicity studies were 
made do not appear to appreciably alter their in- 
herent toxicity. Compounds D-244, 0.1% and 
D-246 0.1% are more irritating than D-237, 0.1% 
and D-238. 


series, 


ScrENTIFIC EDITION 
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Local Anesthetics. 


A Study of Some N-Alkyl 


and N-Dialkylaminoalkyl Derivatives of 
o-Benzenedisulfonimide* 


By JOHN Y. MASUDA and GLENN H. HAMOR 


Because alkyl- and dialkylaminoalkyl- phthalimide and saccharin derivatives possess 
local anesthetic activity, similar derivatives of the related o-benzenedisulfonimide 
were synthesized. The compounds prepared were: N-methyl-, N-ethyl-, N-»-propyl-, 
N-n-butyl-, N-beta-diethylaminoethyl-, N-gamma-diethylaminopropyl-, and N-(beta- 


di-n-butylaminoethy])-o-benzenedisulfonimide. 


All of the compounds, with the ex- 


ception of the beta-diethylaminoethyl derivative, were found to have local anesthetic 


properties. 
topical application. 


Me USEFUL local anesthetics are esters of 
benzoic acid or substituted benzoic acid. 


Substitution of an amide or imide group for the 
—O 


which often possess activity (1). 


of the ester linkage yields ““ammono”’ esters 
Sulfur has also 
been substituted in the ester linkage without 
destroying local anesthetic activity. Examples 
are esters of sulfonic acid (2), dithiobenzoic acids, 
(3), and p-aminothiobenzoic acid (4). Quinoline 
derivatives of sulfanilamide possessing topical 
local anesthetic activity (5) have been synthesized. 

Moore and Rapala (6) prepared N-dialkyl- 
aminoalkyl derivatives of phthalimide and found 
them to have a high degree of local anesthetic 
activity. The N-alkyl and N-dialkylaminoalkyl 
derivatives of the related saccharin were syn- 
thesized by Hamor and Soine (7) and found to 
have a low degree of activity. Because replace- 
ment of a carbonyl group by a sulfonyl group did 
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The activity was more pronounced on intradermal injection than by 
The compounds were irritating to guinea pig’s eyes and skin. 


not destroy local anesthetic activity, it was 
thought that o-benzenedisulfonimide derivatives 
might prove of interest. The purpose of this 
investigation, therefore, was the preparation of 
some N-alkyl and N-dialkylaminoalkyl deriva- 
tives of o-benzenedisulfonimide. 

The parent compound, o-benzenedisulfonimide 
(1,3,2-benzodisulfonazole) (8), was prepared by 
modification of the methods of Holleman (9) and 
of Hurtley and Smiles (10). The N-alkyl and N- 
dialkylaminoalkyl derivatives were obtained by 
the procedure of Merritt, Levey, and Cutter (11) 
which involved refluxing the sodium salt of o- 
benzenedisulfonimide with the alkyl or dialkyl- 
aminoalkyl halides in diethyleneglycol mono- 
ethyl ether-water mixture. The alternative 
method, that of Braun, Heider, and Miiller (12) 
which consisted of fusing the dialkylaminoalky] 
chlorides with the sodium o-benzenedisulfonimide, 
was used but gave satisfactory results only with 
the beta-diethylaminoethyl derivative. This 
fusion method was not applicable to preparation 
of the N-alkyl derivatives because the low-boiling 
alkyl iodides provide insufficient reaction tem- 
peratures. The procedures are illustrated in the 
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TABLE I ANALYTICAL DATA ON 0-BENZENEDISULFONIMIDE DERIVATIVES’ 


So, 
N—R 


SO. 


Recrystg Yield, Carbon, % 
Solvent % Caled Found Caled 
EtOH-H,O 37 36.00 36.07 3.00 
EtOH-H,O 56 38.84 38.72 3.66 : 
EtOH-H,O 34 41.3: 41.62 4.21 3.97 
EtOH-H,O 57 43.5: 43.70 94 97 
H.O 55 45.26 45.10 5.69 5.41 
H,O 26 16 46.65 5.99 ).06 
H,O 62 51.1: 51.10 +.92 ).67 


Hydrogen, % 
Found 


3.29 


Formula 
CH C;H;NO,S, 
CoHs CsHyNO,S»' 
n-C,H; CyHy NOS: 
n-CyHy CiyoHy NOS 
(CHe)sN(C2H CywHigN20,8." 
CHe)sN(CoHs5)2 CrsHeoN2OuSe 
CHez)eN(n-CyH,y Jo CreHos NoOuS,* 


268-269 


* Method A was used for all the derivatives except the N-diethylaminoethy! derivative where Method B was used 
+ Melting points were taken with Fisher-Johns melting point apparatus and were uncorrected 


Analysis, S, Caled 
@ Analysis, S, Caled 
* Analysis, 5, Caled 


20.08; N, Caled 
16.97; N, Caled 


20.03, Found 
17.06, Found 


25.904, Found: 25.70; N, Caled.: 5.66, Found 


5.49 


8.76, Found: 8.79. 
7.46, Found: 7.58 


f Analyses were performed by the Microanalytical Laboratory, Chemistry Department, University of Southern California 


experimental section by specific examples and the 
seven compounds thus prepared are listed in 
Table I 


gamma-dibutylaminopropyl derivative was at- 


Synthesis of an eighth compound, the 


tempted, but no crystalline compound could be 
isolated 

The beta-diethylaminoethyl, gamma-diethy] 
aminopropyl, and _ beta-di-n-butylaminoethyl 
derivatives were insoluble in organic solvents, but 
were soluble with heat in glycerol, propylene 
glycol, The N- 
alkyl alcohol-soluble, the 
butyl derivative being the most soluble 

The 
screened for local anesthetic activity by C. L 
Rose and K. K. Chen of Eli Lilly and Company, 
to whom the authors are indebted for the phar 


ethylene glycol, and water. 


derivatives were all 


o-benzenedisulfonimide derivatives were 


macological data reported here (Table II). All 
of the compounds, with the exception of the beta- 
diethylaminoethyl derivative, displayed activity. 
The local anesthetic properties were more pro- 
nounced on intradermal injection than by topical 
application. The most active compound, 2-n- 
butyl-o-benzene disulfonimide, in 0.1 per cent 
concentration, gave a duration of anesthesia of 
224 minutes when injected intradermally into 
guinea pig's skin. 
anesthesia when applied to guinea pig’s eyes. 


The same solution gave no 


The compounds were all irritating to guinea pig's 
eyes and skin with the possible exception of the 
above solution, which showed no apparent irrita 
tion 
EXPERIMENTAL 
Starting Materials.—Sodium  o-benzenedisul- 


fonimide was prepared from o-aminobenzenesulfonic 
icid' by the following steps 


'The o-aminobenzenesulfonic acid was 
Distillation Products Industries, Rochester 3 


obtained from 
New York. 


(a) Diazotization of the amino group. 

(6) Replacement of the diazonium group by 
xanthate group 

(c) Oxidation of the xanthate to sulfonic acid 

(d) Conversion of the disulfonic acid to the 
disulfonyl chloride 

(e) Introduction of an imide group by re- 
action with ammonia and preparation of the sodium 
salt by subsequent treatment with sodium hy- 
droxide 

Holleman’s (9) method involved neutralization 
of the acid reaction mixture before addition of po 
tassium ethyl xanthate. In the procedure of 
Hurtley and Smiles (10), the filtered and washed 
crystalline diazonium compound was reacted directly 
with potassium ethyl xanthate, thus eliminating the 
neutralization, subsequent evaporation, and extrac- 
tion of Holleman. However, the yield by this 
modification depended on good crystal formation in 
the diazotization reaction. Better crystal forma- 
tion was obtained by keeping the acid reaction mix- 
ture concentrated and the temperature below 5° 
during the diazotization reaction, and for ten to 
twenty minutes after the reaction. Hurtley and 
Smiles’ (10) method did not give good yield of the 
diazonium chloride because the needed low tempera- 
ture could not be maintained in the almost in- 
stantaneous reaction 
Sodium o0-Benzenedisulfonimide.—o-Aminoben- 

zenesulfonic acid (43.25 Gm., 0.25 mole) was dis- 
solved in 200 cc. distilled water containing 15.0 Gm 
sodium hydroxide and a saturated solution of 18.8 
Gm. sodium nitrite was added. This cooled solution 
was added slowly with agitation to 123 cc. hydro- 
chloric acid, reagent grade, in 200 Gm. cracked ice 
The temperature during the reaction was kept below 
5° by addition of crackedice. After standing twenty 
minutes at 0°, the precipitated diazonium chloride 
crystals were filtered, washed with alcohol, 
added slowly to a solution of 42.5 Gm 
ethyl xanthate in 100 cc. distilled water, keeping 
the temperature After 
effervescence, the reaction mixture was evaporated 
to dryness under vacuum. The resultant crude 
xanthate was added slowly to 200 cc. concentrated 
nitric acid. After removal of excess nitric acid by 


and 
potassium 


below 5° cessation of 





January 1957 


TABLE II 


Concen., %, and Solvent 
CH 00 in 50° EtOH 
25 in 50% EtOH 
10 in 50% EtOH 


Compound, R is 


in 50% EtOH + heat 


in 45% EtOH + heat 
in 22.5% EtOH 


5 in 11.25% EtOH 


in 75% EtOH 
in 50% EtOH 

5 in 25% EtOH 
in 6.25% EtOH 


(CH2)2N(CeHs)2 in hot water 
(CHs)sN(CoHs)o in hot water 
in hot water 

0.25 in hot water 

0.10 in hot water 


2aN(n-CyHy)2 0.50 in 60° EtOH 
0.25 in 60% EtOH 


CH, 


vacuum distillation, a hot saturated solution of 65.0 
Gm. barium chloride was added and the hot solu- 
tion filtered. Cooling the filtrate gave 49.0 Gm 
of fine yellowish crystals of barium o-benzenedisul- 
fonate. The barium  o0-benzenedisulfonate 
treated with a solution of 14.0 Gm. anhydrous po- 
tassium carbonate, which on evaporation yielded 
40.0 Gm. potassium o-benzenedisulfonate. To the 
dried potassium salt was added 80.0 Gm. phosphorus 
pentachloride an_ the liquid mixture resulting was 
refluxed at 180—-185° (oil bath temperature) for 
three hours. From this reaction mixture 37.4 Gm. 
of the insoluble o-benzenedisulfonyl chloride was 
crystallized from cold water. The dried sulfonyl 
chloride was dissolved in 700 cc. benzene and treated 
with 115 cc. of 5 N alcoholic ammonia solution. 
The cooled mixture yielded 46.2 Gm. of the mixed 
ammonium chloride and ammonium o0-benzene- 
disulfonimide The salt mixture was dissolved in 
48 cc. distilled water with the aid of heat and 31.7 
Gm. of the less soluble ammonium o-benzenedisul- 
fonimide was precipitated at 0°. The ammonium 
o-benzenedisulfonimide thus obtained was digested 
with a solution of 5.4 Gm. of sodium hydroxide until 
the liberation of complete. On 
evaporation of the aqueous reaction mixture, 32.3 
Gm. of sodium o-benzenedisulfonimide remained 
This was 53.6% of the theoretical yield as calculated 
from o-amino-benzenesulfonic acid 
o-Benzenedisulfonimide.— Ammonium o-benzene 
disulfonimide (11.8 Gm., 0.05 mole) was digested 
with solution of barium hydroxide (7.9 Gm., 
0.025 mole) until the liberation of ammonia had 


was 


ammonia was 
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PHARMACOLOGICAL DATA ON 0-BENZENEDISULFONIMIDE DERIVATIVES 


SO; 


N—R 


Irritation 
Guinea Pig's Eyes 
or Skin 
Very irritating 

Irritating 


Duration of Anesthesia Guinea Pigs 
Eyes (Min.) Skin (Min.) 


None 70 
None 23 
None None 


31 Irritating 


66 Very irritating 
11 40 Very irritating 
None None Very irritating 


Indefinite 400+ 
105 400+ 
39 400+ 
None 22 


Very irritating 
Very irritating 
Very irritating 
No apparent 
irritation 


None None 

Could not keep 151 
ey es open 

None, pptd. on 57 
eye 

None, pptd. on 21 
eve 

None None 

None 34 

None 7 


Very irritating 


The reaction mixture was neutralized with 
sulfuric acid and the precipitated barium sulfate 
removed by filtration. Evaporation of the clear 
filtrate yielded 10.1 Gm. o-benzenedisulfonimide 
(92°,). Reerystallization from benzene raised the 
melting point from 185° to 187—-189°. The melting 
point reported was 186° (10) 

Anal.—Caled. for CsH,;NO,S.: C, 32.87; H, 
2.28; N, 6.39. Found: C, 32.80; H, 2.32; N, 6.43. 

The alkyl iodides used were commercial reagent 
grades. The beta-diethylaminoethyl choride b. p. 
146-150°, was distilled from beta-diethylaminoethyl 
chloride hydrochloride.?- The gamma-diethylamino- 
propyl chloride b. p. 172-177°, beta-di-n-butyl- 
aminoethyl chloride b. p. 220-224° and gamma-di- 
n-butylaminopropyl chloride b. p. 230-235° were 
prepared from the corresponding alcohols, by the 
method of Bost and Shealey (3) 

N-Ethyl-o-benzenedisulfonimide.— Method a 
Ethyl iodide (5.5 Gm., 0.035 mole), sodium o-ben- 
zenedisulfonimide (6.0 Gm., 0.025 mole), 3 cc 
distilled water, and 15 cc. diethyleneglycol mono- 
ethyl ether were refluxed three hours with occasional 
stirring in an oil bath at 140-150°. The cooled re 
action mixture was poured slowly with stirring into 
159 ce. ice water. The resultant white precipitate 
after keeping cold for one hour was filtered. Three 
recrystallizations from ethanol-water increased the 
melting point from 109° to 123-124°. The yield 
of the white crystals was 3.4 Gm. (56°). 


ceased 


1 Beta-diethylaminoethy!l chloride hydrochloride was 
obtained through the courtesy of Michigan Chemical Com- 
pany, Ann Arbor, Mich. 
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N - (Beta - diethylaminoethyl) - o - benzenedisul- 
fonimide.— Method B: The beta-diethylaminoethyl 
chloride (4.7 Gm., 0.035 mole) was heated slowly on 
an oil bath with sodium o-benzenedisulfonimide 


(6.0 Gm., 0.025 mole) with stirring. As the tem- 


perature reached 170° a change in color and in 
crystal structure indicated reaction. Heating was 
continued ten minutes with stirring. Recrystalliza- 
tion of the resultant compound from water gave 4.4 
Gm. (559%) of white crystals melting at 275-276°. 


SUMMARY 


1. Seven N-alkyl and N-dialkylaminoalkyl 
derivatives of o-benzenedisulfonimide were pre- 
pared for evaluation of local anesthetic activity. 

2. Refluxing the sodium o-benzenedisulfoni- 
mide with alkyl iodides or dialkylaminoalkyl 
chlorides in ethyleneglycol monoethyl ether- 
water mixture was the most effective method of 
preparing the derivatives. 

3. All of the compounds, with the exception 
of the beta-diethylaminoethyl derivative, dis- 
played a degree of activity. 


Vol. XLVI, No. 1 


4. The local anesthetic properties were more 
pronounced on intradermal injection than by 
topical application. 

5. The compounds were irritating to guinea 
pig’s eyes and skin. 
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The Pharmacological Activity of a Series of Basic 


Esters of Mono- and Dialkylmalonic Acids* 


By N. W. DUNHAM}, T. S. MIYAT, and L. D. EDWARDS$§ 


A homologous series of twenty basic esters of mono- and dialkylmalonic acid has 
been pharmacologically investigated. The preliminary testing included antispas- 
modic testing against spontaneous contractions, barium-induced spasms, and metha- 
choline-induced spasms of the isolated guinea pig ileum; local anesthetic testing 
employing the rabbit cornea and the guinea pig wheal; and anti-secretory testing 


employing pyloric ligation in the rat. 


spasmodic, local anesthetic, and antisecretory activity than the dibasic esters. 
tivity increased with the length of the side chains. 


The monobasic esters possess greater anti- 


Ac- 
The most active compound of 


the series is a more active spasmolytic than papave:ine hydrochloride, is equal to 
the local anesthetic activity of cocaine hydrochloride, and is less active than atro- 
pine sulfate in inhibiting unstimulated gastric secretions. 


8 paren CHEMISTS have developed many new 
synthetic compounds which possess config- 
urations or chemical groupings known to be 
associated with certain types of pharmacological 
activity. Yakubik and Data (1) synthesized this 
new series incorporating chemical groups which 


effect antispasmodic activity. The new com- 


* Received May 12, 1956, from Purdue 
School of Pharmacy, Lafayette, Ind 

Presented to the Scientific Section, A. Pu. A., 
meeting, April, 1956 

t Fellow of the American Foundation for Pharmaceutical 
Education. Present address: Ferris Institute, Division of 
Pharmacy, Big Rapids, Mich. 

t Present address: College of Pharmacy, University of 
Nebraska, Lincoln. 

§ Deceased. 


University, 


Detroit 


pounds are structurally related to the compounds 
prepared by McBay, Jenkins, and Data (2). 
Headlee tested these latter compounds and re- 
ported (3) antispasmodic activity. 

The structural formulas of the new synthetics 
and their corresponding code numbers are as 
follows: 

Group T° 
COCCH CHK Clee BC 


R—C—R’ 
booc,n, 


' Compounds were converted to the hydrochloride by the 
investigator. 
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Group II 


COOCH;CH;N(C2H;)2- HCl 


| 
R—C—R’ 
| 


COOCH,CH;,N(C:;H;).- HCl 


Group I-A 
Code 
No. 

D-210 
D-212 
D-214 
D-216 
D-218 


Group II-A 
Code 
No. 

D-219 

D-221 

D n-Pr 

D-225 n-Bu 

D-227 n-Amyl 


R 
Me 
Et 
n-Pr 
n-Bu 
n-Amy] 


R 
Me 
Et 


993 


Group I-B 


Code 
No. 


Group-1IB 
Code 
No. 


220 


R 
Me 
Et 
n-Pr 
n-Bu 


EXPERIMENTAL 


Antispasmodic Effects 

A. Spontaneous Contractions.—Segments of 
guinea pig ileum were suspended in a 70-ml. aerated 
bath of Tyrode’s solution at 38°. The spontaneous 
contractions were recorded kymographically. Vary- 
ing doses were added until the minimum amount was 
determined that resulted in complete inhibition 
of the contractions at the end of two minutes. The 


TABLE I.—SpasMo.tytic AcTION (MAGNUS METHOD-—GUINEA Pic ILEUM) 


Complete Inhibition of Spontaneous 


Movements 
Activity, % 
100.0 
(0.11 mg. 


Spasmolytics 
Atropine SO, 


Papaverine HCl 


Group I-A 
D-210 <22 < 
D-212 j 
D-214 
D-216 


D-218 1 


Group I-B 
D-211 
D-213 
D-215 
D-217 

Group I-A 
D-219 
D-221 
D-223 
D-225 
D-227 

Group II-B 
D-220 
D-222 
D-224 
D-—226 
D-228 
D-229 


° 
3 
10.¢ 
26 
36 
12.3 
bath; ¢* bath voiume, 70 ml 


“1 wg./bath; © 5 mg 


Screntiric EpITIon 


Activity, % 


100.0 
(0.73 mg.) 


14 


30.8 
mq « 
5) 


70.§ 


92 


65 


results of the determinations on three segments were 
averaged to obtain the value for each compound. 
The results are shown in Table I. 

B. Barium and Methacholine-Induced Spasms. 
—Segments of guinea pig ileum were suspended in a 
70-ml. aerated bath of Tyrode’s solution at 38.0° C. 
Contractions resulting from barium chloride (5 
mg./70 ml.) or methacholine chloride (1 yg./70 ml.) 
were recorded kymographically. The spasmolytic 
was allowed to act for two minutes. Then the 
spasmogen was added and allowed to act for one 
minute. Three doses of each spasmolytic were 
tested on each of three segments. The logarithmic 
dose was plotted against the average percentage 
response to determine the amount of the spasmolytic 
required to diminish the response to the spasmogen 
by 50%. The results are shown in Table I. 

Local Anesthetic Effects 

A. Topical Anesthesia.—The standard procedure 
employing the rabbit cornea was followed. Com- 
parisons were made on 10 rabbits according to the 
duration of action. The most active spasmolytic of 
the monobasic series, D-217, was compared with the 
corresponding compound in the dibasic 
D-226, and with cocaine hydrochloride 

Constant flooding of the rabbit eye for one minute 
with 1.0% and 0.5% concentrations of D-217 and 
D-226 produced anesthesia of greater than one 
hour. The mean durations were as follows: 0.25% 
D-217, 36.3 + 1.6 min.: 0.259, D-226, 23.1 + 1.4 
min.; and 1.0% cocaine hydrochloride, 33.0 + 1.2 
min. 

B. Infiltration Anesthesia.—Ten guinea pigs 
were employed according to the method of Bul- 


series, 


50% Inhibition of Induced Spasms 
(Methacholine) 4 (Barium)? 
Activity, % Activity, % 
100.0 
(0.4 ug. )* 


100.0 
(1.29 mg.) 


25.8 
28.0 
79 5 


‘a 


| 
4 


ae) 


ww wt 
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TABLE II \ COMPARISON OF THE EFFECTS OF D-217, D-226 AND ATROPINE SULFATE 


Mean Volume Mean F ree Mean Total 
Dose No. of Secreted ( Acidity (% Acidity (% 
Compound Mg./Kg.) Animals Inhibition) Inhibition) Inhibition) 
217 50 j 50.0 21.8 8.4 
100 76 100.0 59.8 
D-226 100 j 21 29.9 
Atropine SO, l 47. $1.4 
2 j 71 100.0 


bring and Wajda (4 Allcompounds were testedin centage inhibition of the volume, free acidity, and 
i volume of 0.1 ml. and a concentration of 0.025% total acidity are shown in Table II 

rhe results from D-217, D-226 and cocaine hydro 

chloride were not significantly different 


Effects on Unstimulated Gastric Secretions REFERENCES 


A method similar to that repe ted by Risley - Rav l 4 —- J., Unpublished M.S. Thesis, Purdue Uni 
< i versity, Yo 

mond, and Barnes (5) was followed employing 6 to 2) McBay, A. J., Jenkins, G. L., and Data, J. B., Tuts 
7 . > “he Te j ote . JOURNAL, 39, 138(1950) 

‘ zs W ap J , 39, , 
7 rats per dose rhe drugs were injected intraperi (3) Headlee, C. P.. and Edwards, L. D., ibid., 42, 433(1953 
toneally at the time of pyloric ligation. Five 4) Bulbring, E., and Wajda, I., J. Pharmacol. Exptl 

. » . ' ‘rifice Therap., 88, 78(1945) 
S were sact ’ . 

hours after the operation the animal were sac ificed Ge iter. SL EL, Mawenced, W. B.. end Basen, R. BL. 
ind the gastric juice was collected The mean per- Am. J. Physiol., 150, 754(1947 


Cobalamin Assay by the Radioisotope Tracer 
Method." 


A Collaborative Study Report of the U.S.P.-N.F. Joint Panel 


By C. F. BRUENING,} J. D. NEUSS,? P. NUMEROF,§ and O. L. KLINE} 


Four commercial type samples were examined by a radioisotope tracer method by 
nine collaborators. The samples studied were cobalamin concentrates and liver 
extracts, but subsequent reports from several collaborators show the method to be 
applicable to vitamin By, intrinsic Factor concentrate samples. Satisfactory results 
were submitted by all collaborators. A statistical study of the results shows that the 
method is specific for cobalamins; red pigments occurring in the manufacture of 
cobalamins and which might occur in commercial products do not interfere in the 
method. The accuracy of the method judged by comparison with a reference sample 
of cyanocobalamin is satisfactory. The results were in good agreement with those 
of the U.S. P. microbiological method for those samples that did not contain “red 
pigments.” A standardization of the tracer solution is given in the method which 
provides a correction factor for the purity of the radioactive tracer used and also 
forms a basis for comparing all results obtained by the method with that of a refer- 
ence standard of cyanocobalamin. 


6 er MICROBIOLOGICAL method for the assay of ucts. With the recent identification of com 

vitamin By activity that became official in the pounds from various sources similar to, but not 
rhird Supplement to U.S. P. XIV (1) has served identical with the cobalamins, further study has 
well since 1952 in the control of vitamin By prod demonstrated that a number of cobalamin-like 


red pigments that always occur in the commercial 


* Received November 6, 1956, from the Division of Nutri production of vitamin Bis, are not effective in the 
tion, Food and Drug Administration, Washington, D. C treatment of pernicious anemia, but that some 
t Division of Nutrition, Food and Drug Administration S , : 
Washington, D. C of them cause a response in the microbiological 
t Analytical Research Department, Merck & Co Inc., x i . 
Rahway, N. J assay rhus a method that could differentiate 

§ Radioisotope Laboratory, Squibb Institute for Medical , ‘ . oe 
Research, New Brunswick, N. J between the biologically-active cobalamins and 





January 1957 

the microbiologically-active cobalt-containing 
red pigments became an important subject of 
study by revision committees of the U. S. P 
and the N. F 
integrity of official products offered for the treat 


in the interest of maintaining the 


ment of pernicious anemia 

The chemical assay of Boxer and Rickards (2) 
based upon the measurement of cyanide has been 
shown to be nonspecific in the cobalamin series 
Also, the spectrophotometric method of Rudkin 
and Taylor (3), and its modification by Fisher (4), 
could not distinguish between the true and the 
noncobalamins (5 Of the microbiological meth- 
ods, that employing Ochromonas malhamensis (6 
has been described as most specific, but still has 
not been above criticism on this point (7, 8) 

A recent review by Mader and Johl (9) shows 
that although numerous microorganisms may be 
used to produce vitamin B,,. commercially, there 
is no indication in the literature that the micro- 
biologically active material in fermentation broths 
is totally cyanocobalamin or material convertible 
to cyanocobalamin. It is further stated that un- 
less care is taken in processing these broths it is 
reasonable to assume that noncobalamin micro- 
biologically-active material will be present in the 
final product 

A typical manufacturing process (10) yields a 
fermentation broth containing in part vitamin 
By. (cyanocobalamin), hydroxycobalamin, and 


rhe 


pany cobalamins rather closely through certain 


“red pigments.’ ‘red pigments’ accom 
manufacturing steps and are separated only with 
difficulty, 


column 


usually by use of a chromatographic 
“Red 


but show little or no biological ac 


pigments” are active micro 
biologically, 
tivity when used in chick growth tests or in the 
treatment of pernicious anemia. Pseudo-vitamin 
Bi, a 


isolated from an anaerobic fermentation process 


microbiologically-active noncobalamin, 
in crystalline form was reported in a commercial 
Bis has 


cyanoco 


feed supplement (5). Pseudo-vitamin 


chemical characteristics similar to 


balamin but differs from it structurally in that 
adenine instead of 


it contains 5,6-dimethyl- 


benzimidazole in the nucleotide part of the 


molecule. It is inactive biologically in animal 
growth tests 
The method of Bacher, Boley, 


solvent 


and Shonk (11) 


involving organic extraction, ion ex 
change, and the use of a radioactive vitamin Bi» 
tracer to measure the efficiency of extraction, was 
described as specific for cvanocobalamin and those 
that 


cyanocobalamin in the presence of cyanide 


easily to 
rhe 


evanoco 


cobalamins could be converted 


availability in suitable quantity of 


balamin containing Co made this approach to 


SCIENTIFIC EDITION 67 


the differentiation of cobalamins and biologically 
inactive cobalamin-like substances such as “‘red 
pigments” and pseudo-vitamin B,. a feasible one 
Chaiet, Miller, and Boley (5) have shown that 
pseudo-vitamin B,. does not give a response in 
this method 

A study panel! was appointed jointly by the 
U.S. P. and the N. F. to study the problem and to 
subject 
method 


to collaborative study an acceptable 


At the time of the first Panel discussion in Octo- 


ber 1955, its attention was called to a newly 


developed method of VanMelle, later published 
(12). This method, 
chromatography, found applicable to liver extract, 


involving ion exchange 
was studied by each of the Panel members, and 
was found incapable of differentiating between 
cobalamins and 


pesudo-vitamin By or “red 


pigments.” 


DESIGN OF STUDY 


\t the Panel meeting on December 8, 1955, it was 
decided to study the radioactive tracer assay method 
of Bacher, Boley, and Shonk (11) which had proved 
to be a valuable tool in some laboratories for evalu- 
ating and controlling the vitamin By» content of 
crude concentrates and commercial feed supple 
ments (5 Briefly, for the determination of vitamin 
By activity (total cobalamins) the method involves 
the addition and equilibration of a known amount 
of tracer, conversion of 
balamin, separation of cyanocobalamin from inter- 
fering substances, and measurement of the amounts 
of cyanocobalamin tracer. The 
tracer serves as a means of evaluating the recovery 
Iwo criteria that the method 
all cobalamins must be con- 


cobalamins to cyanoco- 


and remaining 


of cyanocobalamin 
must satisfy are: (a 
verted to cyanocobalamin, and (b) the cyanoco- 
balamin which is isolated and differentiated from 
similar compounds must finally be separated in a 
relatively pure condition which, when measured 
spectrophotometrically, will meet certain restrictive 
absorption ratio limits 

Panel members collaborated in preparing a draft 
of the method that made it applicable to U. S. P 
and N. F. products, and that included refinements 
developed in the laboratories of those Panel mem- 
bers who had carried out preliminary study of the 
method 


'O. L. Kline, Chairman, Director of Research, Division 
of Nutrition, Food and Drug Administration 
J}. A. Campbell, Food and Drug Directorate 
of National Health and Welfare, Canada 
W. Brooks Fortune, Director, Control Division, Eli Lilly 
and Company 
Howard Hedger, Director, 
Charles Pfizer and Company 
W. J. Mader, Manager, Analytical Research Department, 
Merck & Co 
Neuss, Manager, Analytical Research Department 
Merck & Co. (replaced W Mader on January 1, 1956 
Paul Numerof, Director, Radioisotope Laboratory, Squibb 
Institute for Medical Research 
Lloyd ©. Miller, (ex oficio member), 
copeial Revision 
Tustin L. Powers, (¢x officio 
mittee on National Formulary 


Depart ment 


Analytical Department, 


Director of Pharma 


member Chairman, Com 
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Four samples were prepared for the collaborative 
study: 

Sample No. 1 consisted of commercially prepared 
vitamin By» solids for oral preparations. This 
sample, further classified as Cobalamin Concen- 
trate, N. F., would be typical of commercial prep- 
arations. According to the manufacturer, each 
gram of the sample contained 950-1350 micrograms 
cobalamin activity. 

Sample No. 2 was the same as Sample No. 1, 
except that 200 mcg. of “red pigments” per gram 
was added. The manufacturer (10) who supplied 
the sample of ‘“‘red pigments’’ described the material 
as a red crystalline substance isolated from the vita- 
min By fermentation process, having a microbial 
activity of about 42% of that of cyanocobalamin, 
but no chick growth activity. The ultraviolet ab- 
sorption spectrum in water was somewhat similar to 
that of cyanocobalamin so that spectral differentia- 
tion is difficult. The cyanocobalamin content by 
the radioactive tracer method (11) was practically 
zero. This pigment represented the kind of cobala- 
min-like contamination that might be found in com- 
mercial preparations 

Sample No. 3 was a U. S. P. Liver Injection 
Crude processed by a manufacturer in the pharma- 
ceutical field. It had a vitamin By» activity equiva- 
lent to approximately 20 mcg. cyanocobalamin per 
milliliter, and to it was added 30 meg. of U. S. P. 
cyanocobalamin to make the final activity equivalent 
to approximately 50 mcg./ml. 

Sample No. 4 was identical with Sample No. 3, 
except that 16 mcg. of the ‘‘red pigments” was added 
per milliliter. 

The method recently published (13, 14) and used 
by the collaborators follows: 


COBALAMIN ASSAY 


Cyanocobalamin Tracer 


Reagent.—Dilute an 
accurately measured volume of a _ standardized 
solution of radioactive cyanocobalamin* with 
sufficient water containing 1 per cent of benzyl 
alcohol to yield a solution having a radioactivity 
between 500 and 5,000 counts per minute per ml. 
Determine the radioactivity of this reagent by 
measurement in a suitable counting assembly, ad- 
justing the concentration of the tracer reagent so as 
to obtain optimum counting accuracy with the 
particular assembly used. Store in a refrigerator. 
Standardization.—Prepare a solution in water of a 
weighed quantity of U. S. P. Cyanocobalamin Refer- 
ence Standard to contain between 20 mcg. and 40 
meg. in each ml. To determine the degree of re- 
covery of a known amount of cyanocobalamin, per- 
form the entire assay on a 10-ml. portion of this 
solution, proceeding as directed under Assay Prepa- 
ration, beginning with “Add water to make a meas- 
ured volume Calculate the recovery factor F 
by the formula (50 X Ags) /(0.207 X E X R), in 
which R is the quantity, in mcg. of U. S. P. Cyanoco- 
balamin Reference Standard in the portion of the 
solution taken, and E is defined under Calculation. 
Cresol-Carbon Tetrachloride Solution.—Mix 


* A solution of cyanocobalamin made radioactive by the 
incorporation of Co is available from Merck and Co., 
Inc., Rahway, N | Orders must be accompanied by 
authorization Form 374 after approval by the United States 
Atomic Energy Commission, Oak Ridge, Tenn. 
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equal volumes of carbon tetrachloride and freshly 
distilled cresol 

Phosphate-Cyanide Solution.—Dissolve 100 mg. 
of potassium cyanide in 1,000 ml. of a saturated solu- 
tion of dibasic sodium phosphate, and mix well. 

Butanol-Benzalkonium Chloride Solution.— Mix 1 
volume of a 12.8 per cent solution of benzalkonium 
chloride with 9 volumes of normal butyl alcohol 

Alumina-Resin Column.—Place a pledget of glass 
wool in the bottom of a constricted glass tube such 
as a 50-ml. buret. With the tube held in an up- 
right position, add a volume of a slurry of ion- 
exchange resin® in water sufficient to give a column of 
settled resin 7 cm. in height. When the solid has 
settled somewhat, allow the water to drain so that 
there is only 1 cm. of liquid above the resin column, 
and tamp the resin lightly. Then add a volume of a 
slurry of alumina? in water sufficient to increase the 
height of the settled column to 10 cm., and allow 
the water to drain to about 1 cm. from the top of the 
alumina. Add a pledget of glass wool, and wash the 
column, using a total of 50 ml. of water and again 
draining to within 1 cm. of the top of the column. 
Prepare a fresh column for each determination. 

Assay Preparation.—Transfer to a beaker a 
weighed quantity or measured volume of the prepa- 
ration to be assayed, equivalent in vitamin By 
activity to that of 200 to500 mcg. of cyanocobalamin. 
Add water to make a measured volume of not less 
than 25 ml., then add 5.0 ml. of Cyanocobalamin 
Tracer Reagent. Add, while working under a hood, 
5 mg. of sodium nitrite and 2 mg. of potassium cya- 
nide for each ml. of the resulting solution. Adjust 
the solution to approximately pH 4 with diluted 
hydrochloric acid, and heat on a steam bath for 15 
minutes. Cool, and adjust the pH to between 7.6 
and 8.0 with sodium hydroxide T.S. Centrifuge or 
filter to remove any undissolved solids. 

Procedure.—Transfer the Assay Preparation toa 
250-ml. centrifuge bottle, add 10 ml. of Cresol- 
Carbon Tetrachloride Solution, suitably close the 
bottle with a glass, polyethylene, or foil-wrapped 
rubber stopper, shake vigorously for 2 to 5 minutes, 
and centrifuge. Remove and save the lower sol- 
vent layer. Repeat the extraction using a 5-ml. 
portion of Cresol-Carbon Tetrachloride Solution 
and combine the lower, solvent-layer extracts in a 
centrifuge bottle or separator of 50- to 100-ml. 
capacity. 

Wash the combined extracts with successive, 10- 
ml. portions of dilute sulfuric acid (1 in 7) until the 
last washing is practically colorless (two washings 
usually suffice). During each washing, shake for 
2 to 5 minutes, allow the layers to separate, centri- 
fuge if necessary, and discard the acid layer. Wash 
further with two successive, 10-ml. portions of 
Phosphate-Cyanide Solution. Finally, wash with 
10 ml. of water. Discard all of the washings. 

To the washed extract add 30 ml. of a mixture of 
2 volumes of Butanol-Benzalkonium Chloride Solu- 
tion and 1 volume of carbon tetrachloride. Extract 
with two successive, 5-ml. portions of water, each 
time shaking vigorously for 1 minute, centrifuging 
and removing and saving the upper, aqueous layer. 


? Detail specifications for alumina (Aluminum Oxide Acid 
washed for Chromatography) and the ion-exchange resin have 
been published (13, 14). A suitable resin is that known as 
“Amberlite MB-1,"" produced by Rohm & Haas Co., Phila 
delphia, Pa., and available in small lots from certain labora 
tory supply firms. 
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Pass the combined aqueous extracts through the 
Alumina-Resin Column at a rate of about 1 ml 
per minute, maintaining a l-cm. layer of liquid on 
the head of the column by adding water as needed. 
Discard as much of the forerun as is colorless 
usually about 5 ml.), and collect the colored eluate 
usually about 10 ml.) in a 50-ml. centrifuge tube 
or separator containing 0.5 ml. of diluted acetic 
acid. Extract the eluate by shaking for 2 to 5 
minutes with 5 ml. of Cresol-Carbon Tetrachloride 
Solution, and discard the upper, aqueous layer 
To the extract add 5.0 ml. of water, 5 ml. of carbon 
tetrachloride and 10 ml. of normal butyl alcohol 
Shake, allow to separate until the upper layer is 


clear, and remove the upper, aqueous layer 
Determine the absorbance of the aqueous extract 


at 361 my and 550 my in a spectrophotometer suitable 
for measurements in the ultraviolet region, using a 
tungsten light source. Make the 361-my reading us- 
ing a filter capable of reducing stray light. Calculate 
the ratio Ag /A the purity of the aqueous extract 
is acceptable if the ratio is not less than 3.10 and 
not more than 3.40. If a ratio outside this range is 
observed, purify the aqueous extract by repeating 
the extraction cycle, proceeding as directed in the 
foregoing paragraph, beginning with ‘Pass the 
combined aqueous extracts through the Alumina 
Resin Column,” and using a fresh column 

If an acceptable absorbance ratio is observed in 
the aqueous extract, transfer 1.0 ml. of it to each 
of 3 suitable aluminum or stainless steel planchets, 
and evaporate to dryness under an infrared heater 
Add 1.0 ml. of Cyanocobalamin Tracer Reagent to 
each of 3 similar planchets, and evaporate to dryness 
in the same manner 

Measure the radioactivity of the contents of each 
planchet in a suitable counter over a period optimum 
for the particular counting assembly used 
the results, and correct the average 
served background radioactivity 
two or more 30-minute periods 

Calculation.—Calculate the efficiency, EF, of the 
extraction process by the formula E = (C, — Cp) /- 
Cy), in which C,; and Cp are the average 
radioactivity counts per minute for the preparation 
under assay and the Cyanocobalamin Tracer Reagent, 
respectively, and C) is the average count per minute 
of the background. The cobalamin content, ex- 
pressed in meg. of cyanocobalamin, of the portion 
taken for assay is given by the formula (50 & Age) 
(0.207 X E X F), in which F is the recovery factor 
calculated in the standardization of the Cyanoco 
balamin Tracer Reagent 


Average 
for the ob- 


determined over 


(Ce = 


COLLABORATIVE STUDY 


Each collaborator was asked to make three sepa- 
rate determinations on each sample. It was antici- 
pated that different lots of the resin and alumina 
might vary in their adsorptive capacity, and it was 
recommended that collaborators who did not have 
previous experience with the column used in the 
method determine column performance with a 
solution of known cyanocobalamin concentration 
\ recovery of at least 40-50° ), but preferably 70 
90°), of a 500-microgram sample of cyanocobalamin 
indicated suitable column performance. Each 
collaborator was requested to give the lot numbers 
of resin, alumina, and tracer used. For comparative 
purposes, assays by any method in use in the col- 
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laborator’s laboratory, including the U 
biological assay, were requested 


S. P. micro- 
The laboratories from which results were reported 
in this collaborative study are 


\bbott Laboratories, North Chicago, Ill 

Armour Laboratories, Kankakee, II] 

Food and Drug Administration, 
D.C 

Food 
Canada 

Eli Lilly and Company, Indianapolis, Ind 

Merck & Co., Inc., Rahway, N. J 

Pacific Yeast Products, Inc., Wasco, Calif 

Parke Davis & Co., Detroit, Mich 

Chas. Pfizer & Co., Inc., Brooklyn, N. ¥ 

The Squibb Institute for Medical Research, New 
Brunswick, N. J 


Washington, 


and Drug Directorate, Ottawa, Ontario, 


\s the collaborative study proceeded, a question 
arose as to the purity of the tracer——i. e., the pres- 
ence of all the Co® in the form of cyanocobalamin 
One collaborator, working independently, assayed a 
standard solution of U. S. P. crystalline vitamin By: 
cyanocobalamin) by the method and obtained a 
recovery of 106.2° This recovery indicated that 
this particular tracer (Lot V 5-1-5) was 94.2%) pure. 
When the tracer solution that had been taken 
through the entire method with Samples No. 1 and 2 
was re-used to determine the amount of vitamin B,, 
which also had been carried through the method, a 
recovery of 99.6°> was obtained. This experiment 
demonstrated that the tracer contained a small 
amount of radioactive cobalt, not in the cyano- 
cobalamin form, which did not follow 
cobalamin through the method 

Another collaborator who had had considerable 
experience with the radioactive tracer method re- 
ported independently that with different lots of 
radioactive vitamin B,», different assay results were 
obtained on the same sample. The collaborator con- 
cluded that three separate tracer solutions studied 
contained various amounts of extraneous radio- 
active material which was separated from the radio- 
active vitamin B,. during the purification procedure. 
He stated that it is not clear whether the extra- 
neous radioactive material is in the form of a non- 
vitamin By. product, or an analog of vitamin By 
which is not converted to cyanocobalamin in the 
method. 

The manufacturer of the crystalline radioactive 
vitamin By», when informed of the above findings, 
stated (15) that in solutions of high concentration 
radiation brings about a radio-chemical reaction in 
which a small amount of the vitamin By, is split into 
a Co®-containing moiety of unknown structure. 
Dilute solutions of the tracer, however, do not show 
this phenomenon to any appreciable extent, and the 
solution of radioactive cyanocobalamin as supplied 
commercially containing about 1 microcurie of 
radioactivity per ml. undergoes a change no greater 
than 1.5°> when stored in a refrigerator for a year. 
The “Cyanocobalamin Tracer Reagent’’ when pre- 
pared as required by the method involving dilution 
of the commercial radioactive cyanocobalamin solu- 
tion and the addition of benzyl alcohol also remains 
practically unchanged when stored in a refrigerator 
for a year. 

At the time of the Panel meeting on March 12, 
1956, ten collaborators had submitted results of 
their assays. Three laboratories had run tests to 
determine the purity of the tracer and corrected the 


the cyano- 
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results for the four collaborative samples. The 
Panel agreed that directions for a standardization of 
the tracer reagent should be included in the method 
to permit corrections to be made for impurities in 
the tracer rhe standardization test also serves to 
standardize the entire method since a pure reference 
sample of cyanocobalamin is used in the test. Those 
laboratories that had not made corrections for 
purity of tracer were asked to apply the test to the 
lot of tracer used in their analyses and to report cor- 
rected assay It was tacitly agreed by the 
members of the Panel that the method, with these 
corrections, could be recommended for official adop- 
tion by the United States Pharmacopeia and Na- 
tional Formulary 


DISCUSSION OF RESULTS 
Table I gives the recovery of cobalamins for each 
of the four collaborative samples, corrected for purity 


of the cyanocobalamin tracer reagent used in each 
laboratory. 


values 


PAaBLe | 
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that the observed average difference between 
Samples No. 1 and No. 2 (Table I) could well have 
occurred by chance, and that a real difference in 
effect between these two samples has not been 
demonstrated. The calculated ‘‘F”’ ratio of 1.30 
with 1 and 36 degrees of freedom was not significant 
at a probability level of P Z .05. Similar con- 
clusions were drawn with respect to the significance 
of the difference in the average of Samples No. 3 
and No. 4 in an analysis of these data. The calcu- 
lated F ratio was 3.00 for the same number of de- 
grees of freedom. Thus it was demonstrated by 
the results in Table I that the method under study is 
specific for cobalamins and does not measure “red 
pigments.” Variations among laboratories were 
found to be greater than those within laboratories 
The accuracy of the method is considered satis- 
factory because all final results by this method are 
referred back to a reference sample of cyanoco- 
balamin 

Table II lists the ratios of absorbance at 361 my 


RECOVERY OF COBALAMINS BY RADIOISOTOPE TRACER METHOD 


(RESULTS EXPRESSED AS CYANOCOBALAMIN ) 


Sample No. 1—Mcg. per Gm 


Collabo 
rator 1 2 3 
1120 1116 117 
1010 11OS O08 
1115 1112 100 
1038 1052 1002 
1117 1130 L163 
gag VO5 QUT 
1130 1130 1120 
1045 1019 LOSS 
{ 1049 1061 L065 
\verage 


1117 

1038 

1109 

L060 

1136 

997 

1126 

1039 

1058: 
1076 

Sample No. 3 
Collabo- 

rator 


4 


Average 


the 
| were compared 


In order to evaluate the specificity of 
method, the results of Sample No 
to Sample No. 2, and those of Sample No. 3 com- 
pared to Sample No. 4. Samples No. | and No. 2 
were identical in composition except that Sample No 
2 contained “red pigments.”’ Thus identical re- 
sults should be obtained from Samples No. 1 and No 
2 if the tracer method is specific for cobalamins and 
does not measure “red pigments.’’ Similarly, re 
sults from Samples No. 3 and No. 4 
identical if the method had the desired specificity, 
since these samples are identical except that Sampk 
No. 4 contained added ‘‘red pigments.”’ 

A statistical analysis of the results given in this 
report made by William Weiss of the Food 
and Drug Administration. The analysis indicated 


should be 


was 


Average 


—Sample No. 2—Mcg. per Gm.- 


2 3 
1060 1110 
1077 951 
1125 1095 
1039 1077 
1132 1120 
971 981 
1150 1140 
1026 1061 
1064 1062 


Average 
1075 
1015 
1106 
1069 
1141 

O62: 
1136 
1047 
1051 
1067 


SIWNN 10 & 


_> 


Sample No. 4—-Mcg. per Ml —~ 


3 Average 


63 
83 
53 
o7 
73 
90 


7 


and 550 mu reported by each collaborator. It is of 
interest to note that the average values for all 
collaborators on all determinations for Samples No. 
1 and No. 2, and for Samples No. 3 and No. 4 are 
nearly identical. This indicates that the method 
purified each pair of samples to approximately the 
same extent. The statistical analysis of the results 
of Table II indicated that an analyst could have 
95° assurance that his individual analyses would 
fall between 3.15 and 3.39 for Samples No. 1 and 
No and between 3.18 and 3.42 for Samples No. 3 
and No. 4. The ratio for crystalline cyanocobalamin 
$3.24(11). Inthe method sent to the collaborators 
a range for the ratios of absorbance at 361 my to 
that at 550 my was arbitrarily selected of 3.0 to 3.5 
The above results justify the range of 3.1 to 3.4 





January 1957 
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Sample No. | 
Collaborator 2 


x 


12 
26 
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Collaborator 


7 

Ss 

9 
\verage (27 
determinations 


which was finally selected for inclusion in the method. 

Table III gives the results obtained from the 
standardization of the tracer reagent. The results 
are the reciprocal of the tracer purity, and also rep- 
resent a standardization of the method, related to 
the reference standard cyanocobalamin. Repli- 
cate results reported by several collaborators indi- 
cate the degree of precision that is obtained in the 
standardization test. 
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ABSORBANCE AT 361 MILLIMICRONS/ ABSORBANCE AT 550 MILLIMICRONS 


_— - —Sample No. 2 
9 


18 


tow we tow we & ty 
or bo Oreo ors 


-o+o 


In Table IV are the values obtained by the U.S. P. 
microbiological assay for all four samples. The 
average results compare favorably with those of 
Table I for Samples No. 1 and No. 3 only, and serve 
to indicate again accuracy of the tracer method. 
With Samples No. 2 and No. 4 it is apparent that the 
test organism L. leichmannii does respond to the 
added red pigment and to the expected degree. Of 
comparative interest are the results reported by 


TABLE III.—STANDARDIZATION OF CYANOCOBALAMIN TRACER REAGENT 











Tracer 
Lot No. % o 
104.4 107.8 
117.0 119 
105.0 105. 
104. ¢ 

99 101 
114.! 114.2 
110 

108.7 109 
106.8 105 


Collabo- 
rator 


1 


“al vg 
UDO ONG Gn 
ooaocu 


Addaddccc 


yor 


* Equals reciprocal of tracer purity. 


TABLE IV.—VITAMIN By Activity BY U. S. P. 
MICROBIOLOGICAL ASSAY 





Sample Sample 
No. 1 No, 2 
Collab- Mcg. per Meg. per 
orator Gm. Gm. 
1086 1116 51.0 61.4 
1236 1303 55.5 61.6 
1087 1158 51.7 58.2 
0 5 


Sample 
No. 3 


Sample 

No. 

Meg. per Meg. per 
Ml. Ml, 


1080 1140 54 58.0 
1057 1139 56.5 61.6 
1185 1212 50.4 55. 
1175 1302 56.0 60. 
Q 1032 1116 54.3 62. 
Average 1117.3 1185.8 59. 


Recovery of Method on Cyanocobalamin*® 
or or C7 or 





Oo 


t 0 0 Average, % 


€ 
106.0 105.5 105.9 


118.0 
105.3 
104.4 
100.4 
112.¢ 
110 
110 
106 


Armour Laboratories using the VanMelle method. 
Samples No. 1 and No. 2 were found to contain 1038 
and 1179 mcg. of cobalamins as cyanocobalamin per 
Gm. respectively, and for Samples No. 3 and No. 4, 
48.0 and 54.1 meg. per ml. The results for Samples 
No. 1 and No. 3 are in fair agreement with those ob- 
tained by the radioactive tracer method under study, 
but it is apparent from the results of Samples No. 2 
and No. 4 that the VanMelle chemical method does 
not differentiate between cobalamins and 
pigments.” 

The efficiency of extraction (E of the formula for 
calculating results) varied from 24.6% to 74.6% for 
all the collaborators on all four samples 


“red 
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rhe radioactivity for the samples varied from 161 
to 2101 counts per minute. The cyanocobalamin 
tracer reagent radioactivity varied from 394 to 4013 
counts per minute. The background radioactivity 
varied from 11 to 171 counts per minute. At least 
two different types of counting assemblies were used 
involving Geiger Miiller and Scintillation detectors 
Each collaborator selected the magnitude of the 
radioactivity to give optimum counting accuracy 
for his assembly. For instance, the collaborator 
who reported a high background count of 171 counts 
per minute used counts on the sample and standard 
generally in excess of 1,000 counts per minute 

Six different lots of MB1 Resin (manufactured by 
Rohm and Haas Co.) were used by the nine collabo 
rators 

Each collaborator used a different lot of alumina 
with two commercial sources being represented 

With Samples No. l and No. 2 the sample weights 
varied from 0.157 to 0.428 Gm. With Samples No 
3 and No. 4 the sample volume varied from 4 to 10 
ml 

The weight of the residue of the sample used for 
the radioactivity counts was reported by one col 
laborator to vary from 0.1 to 0.2 mg 
no self-absorption correction 


and to require 


COMMENTS BY COLLABORATORS 


No collaborator reported any serious difficulties in 
using the method. Some collaborators reported 
some mechanical difficulties such as emulsification 
with Samples No. 3 and No. 4 which required longer 
time for separation or a second centrifuging. Some 
collaborators found it necessary to recycle the solu- 
tions from Samples No. 3 and No. 4. Comments 
were also received on the wording of the method, 
ind changes were made to improve clarity of ex 
pression 

\fter preliminary results had 
several collaborators suggested that 


received, 
a standardiza 


been 
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tion test for tracer purity be included in the method 
One collaborator suggested that a tracer with a 
correction factor in excess of 110°) would not be 
suitable for use. He stated his correction factor 
changed by 3.3°% over a period of two weeks which 
he thought was due to decomposition of the tracer 
solution as prepared in the method. Another col- 
laborator using the same lot of tracer stored the 
prepared tracer solution in a refrigerator for three 
and one-half months, but could not demonstrate 
any measurable changes in the correction factor. 
A second lot of tracer solution showed no change 
after a nine-month period of storage in a refrigerator 
With information available from this study and 
with the standardization of tracer reagent incorpo 
rated in the method to serve as a measure of purity, it 
is anticipated that the radioactive cyanocobalamin 
solutions to be distributed will require little or no 
correction 


REFERENCES 


1 Third Supplement to the 
United States Fourteenth 
Company, Easton, Pa., 1952 

(2) Boxer, G. E., and Rickards, ]. C., Arch. Biochem., 
30, 372(1951) 

(3) Rudkin, G. O., 
24, 1155(1952) 

4) Fisher, R. A., J. Agr. Food Chem., 

(5) Chaiet, L., Miller, T., and 
784(1954) 

(6) Ford, J 

(7) Brown, F 
and Parker, L. F 

8) Krieger, C. H., J 
711(1955) 

Mader, W. J., and Johl, R. G 
) 


Pharmacopeia of the 
Revision Mack Publishing 


Jr., and Taylor, R. I 4{nal. Chem., 
1, 951(1953 
Boley, A. E thid Be 


E., Brit. J. Nuirition, 7, 299(1953 

B., Cain, J. C., Gant, D. E., Smith, E.L., 
J., Biochem. J., $9, 82(1955) 
Assoc. Offic. Agri. Chemists, 38, 
Turs Journar, 44, 


55 
Neuss, J. D., Merck & Co., Inc., private communica 
Bacher, F. A., Boley, A. E 
, 26, 1146(1954) 
VanMelle, P. J., Tats Journar, 45, 26(1956 
(13) ‘‘First Supplement to the Pharmacopeia of the United 
States, Fifteenth Revision Mack Publishing Company, 
Easton, Pa., 1956 
4) “Second Interim Revision Announcement, National 
Formulary X,"' Tarts JourNac, 45, No. 10, p. vii, 1956 
(15) Rosenblum, C., Merck & Co., Inc., private com 
munication 


, and Shonk, C. E Anal 





Notes 





A Note on a New Method of Preparation of p-Aminocinnamic Acid* 


By JAMES J. CARROLLf and W. LEWIS NOBLES 


HE PRIMARY METHODS reported in the literature 
(1-5) for the synthesis of p-aminocinnamic acid 
involve the reduction of the corresponding nitro 
derivative or its esters In pursuing a program 


* Received October 1, 1956, from the University of Missis 
sippi School of Pharmacy, University, Miss 

Aided by a grant from the American Cancer Society 

+ Present address: Norwich Pharmacal Company, Nor 
wich, N. ¥ 


dealing with the preparation of certain vinylogs of 
folic acid, a relatively large quantity of this acid was 
desired. Since the methods described in the 
literature, based on the nitration of cinnamic acid, 
involve isomer formation resulting in a_ subse- 
quent loss of large amounts of starting material as 
the undesired isomer, o-nitrocinnamic acid, a dif- 
ferent synthetic approach was felt desirable. 
Also, as Bender (3) pointed out, some of the re- 
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duction procedures in the methods reported are 
quite troublesome. 

Other substituted cinnamic acids have been pre- 
pared by a modification of the Doebner reaction 
(6), utilizing malonic acid in the presence of pyri- 
dine (7) 

Applying this procedure in the present case, 
p-acetamidobenzaldehyde was condensed with ma 
lonic acid, as described below, to produce a 92% 
yield of p-acetamidocinnamic acid. This was sub- 
sequently hydrolyzed to afford an 85% yield (based 
on starting aldehyde) of p-aminocinnamic acid 


EXPERIMENTAL 


p-AcetamidocinnamicAcid.—-The method of Blake, 
et al. (7), was utilized with some modification 
In a 1-liter, three-neck flask equipped with a stirrer, 
thermometer, and a reflux condenser, are mixed 
81.6 Gm. (0.5 mole) of p-acetamidobenzaldehyde, 
106.1 Gm. (1 mole) of malonic acid and 400 ml 
of pyridine (reagent grade). Piperidine (5 ml.) was 
then added. The temperature of the reaction mix- 
ture was raised to 85° over a two hour period and 
held at that temperature for an additional five 
hours, or until the evolution of carbon dioxide 
The clear, light vellow solution was cooled 
and cautiously acidified with concentrated 
hydrochloric acid. During this time, the tempera 
ture maintained at 40° or slightly below. 
The yellow product was removed from solution by 
filtration and washed with glacial acetic acid, fol- 


ceased 


to 25°, 


was 
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lowed by several washings with water. The pale 
yellow solid, m.p. 260-262° (reported (8) 259-260° 
was obtained in a yield of 94.1 Gm. (92%) 

p-Aminocinnamic Acid.—-In a 3-liter, three-neck 
flask, fitted with a stirrer and thermometer, were 
placed 1500 ml. of a 15% aqueous sodium hydroxide 
solution and 94.1 Gm. (0.46 mole) of p-acetami- 
docinnamic acid. The mixture was slowly heated 
to a temperature of 85° during a period of one hour 
and then this temperature maintained for 
three additional hours, by which time solution had 
been effected. The clear, yellow solution was 
cooled to 25° and adjusted to a pH of 5 with glacial 
acetic acid. The resulting yellow solid was filtered 
off and air dried. The product thus obtained, 67.7 
Gm. (92%), melted with decomposition at 173- 
175° (reported 175-176° (8)). The product was 
recrystallized from water and dilute ethanol. This 
treatment did not, however, produce a change in 
the melting point 


was 
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A Note on the Determination of lonic Copper Present in 
Commercially Available Copper Chlorophyllins* 


By BERNARD M. BLANK and KENNETH MORGAREIDGE 


IT A RECENT NOTE to the editor, Wuggatzer and 
Christian (1) in describing a polarographic pro- 
cedure for the determination of ionic copper present 
in commercially available copper chlorophyllins, 
made reference to unrevealed chemical procedures 
employed by manufacturers of water-soluble copper 
chlorophyllins. This communication will present 
the chemical method currently employed for the 
determination of ionic copper (called “‘free copper”’ 
by the trade 
phyllins 


in these water-soluble copper chloro- 
This procedure was adopted in 1953 and 
has been in use in these laboratories since that date 

The readiness with which magnesium is replaced 
by copper and other metallic ions in the chelate 
position of chlorophyll derivatives is well known 
Furthermore, the fact that copper is removed with 
difficulty from this position has been, in the past, 
the basis for the conclusion that this metal, as it oc- 
curs in the sodium and/or potassium copper chloro- 
phyllin, is relatively unreactive. This is undoubt- 


* Received August 21 
tories, Inc 


1956, from Food Research Labora 
Long Island City, New York 


edly true in the case of the pure compound. Since, 
however, commercially available ‘‘coppered”’ chloro- 
phyllins are mixtures consisting of several derivatives 
and degradation products, it became of interest to 
determine the stability of the 
commercial preparations 
ditions 


copper complex in 


under standardized con- 


EXPERIMENTAL 
The empirically devised method is as follows: 
An accurately weighed quantity (about 1.0 Gm.) 
is transferred to a beaker and 75 ml. of distilled 
water is added. Agitation by a motor-driven glass 
stirrer is maintained until solution is complete 
(about 3 minutes). From a buret, 1.0 N HCl is 
added slowly with continuous stirring until a pH 
of 3.0 is reached (as determined by pH meter 

\s the pH approaches 3, proceed with caution 
Do not overshoot and back titrate with alkali. Suf- 
ficient time is allowed for electrolyte equilibrium 
to be established between additions of acid. Vigor- 
ous agitation is maintained during the addition of 
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wcid and for ten minutes after final adjustment to 
pH 3.0 has been attained. The entire suspension is 
quantitatively transferred to a 100-ml. volumetric 
flask and made to mark with distilled water. Mix 
well and immediately pour into a dry filter paper 
(Whatman No. 1 or equivalent). Discard the 
first 10 ml. of filtrate and collect the remainder. 
The copper content of the filtrate is determined by 
the A.O.A.C. (2) “carbamate” short procedure or by 
an appropriate dithizone procedure (3). The usual 
precautions with respect to freedom of glassware, 
distilled water, and other reagents from traces of 
copper is observed throughout the determination. 


DISCUSSION 
The above method was arrived at after studying a 


number of factors affecting the amount of copper re- 
leased in solution. Among these were relative con- 


centrations of sample and precipitating acid, rate of 
acid addition, degree of agitation during addition of 
acid, final pH attained, length of time prior to filtra- 
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tion, and the exactness with which the final pH 
was controlled. Conditions more acid than pH 3 
released slightly more copper but this pH was ar- 
bitrarily chosen to represent the acidity of the human 
stomach during digestion 

The reproducibility of this procedure was tested 
in a collaborative study of three samples in 4 
laboratories (3 of whom were prime producers of 
water-soluble chlorophyllin). The results led to its 
adoption for use as a control procedure in the raw 
materials. The range of free copper found in ap- 
proximately 80 commercial samples was 0.03 to 0.38 
per cent with an average of 0.148 per cent 


REFERENCES 


(1) Wuggatzer, W. I 
44, 645(1955) 

2) Official Methods of Analysis of the Association of Of- 
ficial Agricultural Chemists (1950), section 24.24 

3) Kratz, P. DeC., Lewis, J. L., and Feldman, A., 
Chem., 24, 524(1952 


and Christian, J. E., Tuts JourRNAL, 


Anal 





ERRATA 


In the November 1956 issue of Turs Journat 


Study of Antacids II,"" by J. W. E. Harrisson, Elias W 


Fig. 1 


tric mucosa is clear and transparent. 2 


ulcer 
around ulcer represents area of fibrosis and healing 
In the November 195¢ 


issue of Tuts JourRNAtL 


tural formula contained in heading of Table | should read 


In the December 1954 issue of Turs Journat 


caption under Figure 1 
Packman, Bernard Trabin, and Mortoa FE 


Guinea-pig stomachs. 0, Control Stomach 


article entitled ‘ 


page 739, article entitled ‘‘A Comparative in Vivo 
Goldberg. should read 


The rugal pattern is well defined and the gas 


Rugal pattern lost in the center of the specimen and is asso 
ciated with increased vascular congestion of the mucosa 
sal hemorrhages, the lesions present are surrounded by numerous petechiae 
creased. 6, Extensive generalized mucosal hemmorrhage interposed between flattened, gray 
gastric mucosa, remaining rugal folds accentuated 


#, Focal muco 
Mucosal congestion in 
damaged 
8, Sharply demarcated, well-circumscribed gastric 


Occasional petechiae are noted 


Note the almost total absence of rugae and the thin, translucent gastric wall 10, Oval, cir 
cumscribed penetrating gastric ulcer with unbilication and fixation of the serosa 


Raised circular ridge 


article entitled ‘‘Esters of Bicyclic Aminoalcohols as Potential Antispasmodics 
I The Synthesis of 2- Hydroxyoctahydroquinolizine and Some of its Esters,’ 


by Harold J. Rhodes and Taito O. Soine, struc 


N 


Chromatographic Separation and Analysis of Naphazoline 


and Its Hydrolytic Degradation Products,’ by Michael A. Schwartz, Roy Kuramoto, and Louis Malspeis, structural formula 


for naphazoline on page 814 should read 


‘\ 


CH: 


H-—N 


N—CH: 


CHe 


Naphazoline 
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4th ed. Vol. I-V. 
4,984 pp. 17 x 


Traité de Pharmacie chimique. 
Masson et Cie Paris, 1956. 
25 cm. Price 32,000 fr. 
This 5-volume treatise on pharmaceutical chem- 

istry, published under the direction of Professors 

Lebau and Janot, furnishes a very adequate re- 

vision of the preceding edition which was published 

in 1947. The editorial directors have been ably 
assisted in the completion of this work by Professors 

M. Guillot, Y. Raoul, M. Chaigneau, G. Valette, 

A. Morette, and P. Corriez, all of the Faculty of 

Pharmacy of the University of Paris. 

The new fourth edition of Traité de Pharmacie 
chimique is unique in the comprehensiveness of it: 
scope. It includes information on the preparation, 
physical-chemical characteristics, analytical pro- 
and the principal pharmacodynamics 
and therapeutic properties of thousands of medicinal 
chemicals. It is documented throughout with the 
most significant references to the original literature 
relating to all phases of medicinal chemistry. 

Because of the breadth of its coverage, the new 
edition will be of interest to practicing pharmacists, 
pharmaceutical chemists, physicians, pharmacolo- 
gists, and students. In the course of the revision 
of the previous edition, chapters included therein 
have been thoroughly revised and brought up-to- 
date. In addition, many new chapters have been 
added to provide basic information on hundreds 
of new drugs from both synthetic and natural 
sources which have been developed since 1947. 
Thus, drugs in entirely new pharmacological 
categories have been added and their properties 
adequately summarized. As in previous editions, 
the chemical classification of medicinal chemicals 
has been employed. 


cedures, 


The first volume of the series is devoted entirely 
to inorganic chemicals used as therapeutic agents. 
It includes chapters on radioactive elements and on 
colloids. This volume covers 838 pages and is 
quite properly indexed separately. The other four 
volumes cover completely all pertinent information 
relating to organic medicinal chemicals from 
natural sources and those prepared synthetically 
Information relating to intermediates used in the 
syntheses of chemotherapeutic agents is also in- 
cluded, 

Volume V of Traité de Pharmacie chimique in 
cludes an alphabetical subject index which is 
unusually complete and thus enhances the value of 
the treatise as a reference work. The contributors 
to the new edition of this well-known treatise on 
pharmaceutical chemistry are to be congratulated 
upon the completion of such a monumental task. 
The printing and binding are of excellent quality 
and the arrangement of the text throughout is 
uniform and logical. This new 5-volume edition 
should find wide acceptance, not only in France, 
but by all who have an interest in any phase of 
chemotherapy 


An Introduction to Modern Organic Analysis. By 
SIDNEY SicGIA and Hans J. STOLTEN. Inter- 
science Publishers, Inc., New York, 1956. vii + 
250 pp. 15.5x 24cm. Price $4.50. 

This book describes the different approaches and 
techniques utilized in organic analysis and presents 
the logical utilization of the methods in practical 
applications. Detailed and elementary discussions 
are omitted but sources are indicated by reference. 
The text is divided under the following headings: 
the organic analytical problem; elemental analy- 
sis; chemical functional group analysis; potenti- 
ometric titration; absorption spectroscopy; freez- 
ing point; polarographic analysis and amperometric 
titrations; x-ray diffraction; refractive index and 
density; methods of separation—distillation, ex- 
traction, chromatographic adsorption, ion exchange, 
miscellaneous methods; specialized approaches 
microscopy, mass spectrometry, Roman spectros- 
copy, polarimetry; typical problems il- 
lustrating the interrelationship of analytical ap- 
proaches. An index is appended. 

The book is an excellent review of the subject in 
which chemical and physical methods are corre- 
lated, and it is a very useful guide for the organic 
analyst faced with usual and unusual problems, 


some 


Chemistry. Edited by Sir 
Interscience Publishers, Inc., 


15 x 23.5 cm 


Perspectives in Organi 
ALEXANDER Topp 
New York, 1956 
Price $7.50. 


_ 


x + 527 pp 


This is a compilation of reviews or essays in dif- 
ferent divisions of organic chemistry prepared by 
recognized contributors in divisions. The 
subjects covered are: The nature of the theory of 
resonance (L. Pauling); Reaction mechanisms (P. D. 
Bartlett); The development of the concept of 
aromaticity (W. Baker); Stereochemistry (D. H. R 
Barton); Bedeutung der vielgliedrigen Ring- 
verbindungen fiir die theoretische organische Chemie 
(V. Prelog); Biosynthetic theories in organic chem- 
istry (A. J. Birch); Synthesis (R. B. Woodward); 
Neue Entwicklungen der metallorganischen Syn- 
these (K. Ziegler); Carbohydrates (E. L. Hirst); 
Nucleic acids (A. Todd); Bedeutung der theo- 
retischen organischen Chemie fiir die Chemie der 
Terpenverbindungen (L. Ruzicka); Steroids (C. W. 
Shoppee); Alkaloids (E. Schlittler); Isotopes in or- 
ganic chemistry (J. W. Cornforth); Microorganisms 
in organic chemistry (K. Folkers); Chemotherapy 
(J. Walker); Organic chemistry and conifer taxon- 
omy (H. Erdtman); Organische Chemie und Ge- 
netik (A. Butenandt). Each discussion is documented 
and a general subject index is appended. The discus- 
sions are limited in scope; they are interesting and 
informative and make a good volume for advanced 
reading in organic chemistry. The book is hand- 
somely produced, and it is offered as a tribute to Sir 
Robert Robinson by the editor, Sir A. R. Todd. 


these 
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Cosmetics 
Ratpn G 
Ine ° New 


22.5 cm 


Practices. By 
Publishing Co., 
+ 786 pp 


and 
Chemical 
XXxVi 


Their Principles 
HARRY 
York, 1956 

Price $17 

This book presents a wealth of material on cos- 
metics and related medical and technical data, 
The text is divided into the major classifications: 
the skin, the care of the face, the care of the mouth, 
the care of the eyes, the care of the hair, the care of 
the body, the care of the hands, and general aspects 
of cosmetic formulation. The text is illustrated 
with cuts and pictures, and many formulas are in- 
cluded 

Pharmacists will find this book very useful 
Cosmetic formulations and dermatologic prepara- 
tions are closely related, and the included procedures 
and formulas should be helpful. The treatment of 
emulsions and emulsifying agents is particularly 
interesting. The book definitely 
in the pharmacy library No 
should be without it. 


14.5 x 


deserves a place 


cosmetic chemist 


Functions of Autonomic Transmitters. By J. Har- 
old Burn. The Williams & Wilkins Company, 
Baltimore, 1956. ix + 14 x 22 cm 
Price $5 


228 pp 


This book is a compilation of seven lectures by the 
British scientist J. Harold Burn, M.D., as the thir- 
teenth in the series of Abraham Flexner lectures at 
Vanderbilt University Five of the chapters are: 
Acetylcholine and the heart; Ciliary movement; 
The action of norepinephrine; Common properties 
of different classes of drugs; and The supersen- 
sitivity and subsensitivity of denervated structures 


The other two chapters (I and VII), of general 
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interest, are: Medical education and medical 
science; and Our national drugs—alcohol and nic- 
otine. Of particular interest to the pharmacist is 
the discussion on the common pharmacological 
effects of different drugs that are usually classified 
according to their best known action. An ap- 
pended index makes this an excellent reference for 
the advanced student in this field 


Fundamentals of Immunology. 3rd ed. By 
Wittram C. Boyp. Interscience Publishers, 
Inc., New York, 1956. xiv + 776 pp. 16 x 
23.5cem. Price $10. 

This book is intended primarily as a 
students and investigators. Recent interest in the 
subject of immunology stimulated by the polio- 
myelitis vaccines situation and the BCG vaccine in 
tuberculosis should broaden the appeal of this intro 
ductory presentation of the subject. The earlier 
edition has been revised and brought up-to-date, 
even to the inclusion of the separation and crystal- 
lation of the polio virus. Chapter headings are: 
Immunity and immunology; Antibodies and anti- 
body specificity; Antigens; Cell antigens; Blood 
groups; Antibody-antigen reactions; Complement 
and complement fixation; Immediate hypersensi- 
tivity; Delayed hypersensitivity; Non-immuno- 
logical equivalents of hypersensitivity reactions; 
Hypersensitivity and immunity; Autoimmuniza- 
tion and disease; Immunity in action; some ex 
amples; Practical use of immunity and hyper- 
sensitivity; and Laboratory and clinical technic 
Each chapter is well documented with references 
and a general index is appended. The book should 
be available to students of medicine and pharmacy 


text for 
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Pharmacology and Oral Therapeutics. 11th ed 
By Epwarp C. Dosps. The C. V. Mosby 
Company, St. Louts, 1956 14 x 22 cm 


Price $9 


579 pp 


and 
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Pharmacology Therapeutics. 7th ed. By 
CHARLES and E.izapetu S$. Gi 
J. B. Lippincott Company, Philadelphia, 1956 
xix + 628 pp. 14x2lecm. Price $5 

Annual Report of the Board of Regents of the Smith 

Institution 1955). Superintendent of 
Documents, 1 S. Government Printing Office, 
Washington 25, D. C., 1956. ix + 537 pp 
15.5 x 23.5em Price $4 

Organic Syntheses. Vol. 36. N. J. LEONARD, 
Editor-in-Chief. John Wiley & Sons, Inc., New 
York, 1956. vi + 129 pp Price 
$3.75 


onian 


> 


15 x 23.5 em 


The Reactive Intermediates 
Joun E. Lerrier. Interscience Publishers Inc., 
New York, 1956. ix + 275 pp 16 x 23.5 cm 

Price $6 


of Organic Chemistry. By 


Bone Structure and Metabolism. By G. E. W 
WOLSTENHOLME and CercimtaA M. O'CONNOR 
(editors for the Ciba Foundation Little, 
Brown and Company, Boston, 1956. xii + 299 
pp 14x21 ecm Price $8 


Pancreas. Vol 
Colloquia on 

W OLSTENHOLME 
O’Connor (editors for the 
Little, Brown and 
xn + 292 pp. 14x 21cm 


IX Ciba 
Endocrinology. By 
and Cerecmi1a M. 
Ciba Foundation 
Company, Boston, 1956 
Price $7 
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@ Whether used alone or with certain vitamins, this lipo- 
tropic agent is effective in helping to regulate the metabo- 
lism of fat and cholesterol in the body. Furthermore, it 
exercises a synergistic action on other lipotropic agents. 
INOSITOL is found to be a naturally-occurring component 
of the Vitamin-B complex. It is also a constituent of an im- 
portant class of phospholipids. 


Information on ARGO® INOSITOL N. F. is constantly being 
received ... for this reason it is wise to keep in close con- 
tact with the CORN PRODUCTS REFINING COMPANY, 
17 Battery Place, New York 4, N. Y. 


ARGO® INOSITOL N. F. is available in 5, 10, 50 and 100 Ib. containers 














Amerchols® ere natural, non-ionic 


OINTMENT BASES AND EMULSIFIERS which contain 
Lanolin Cholesterols in their Most Active Form. 


These stable cholesterol and multisterol surfactants 
induce rapid drug release, promote optimum hecling 
rates, and are safe for the most delicate tissues. We 
know of no case of an allergy due to an AMERCHOL.” 


Modulan® is the acetyl derivative of 
pure lanolin! with unique new properties for use in 
OINTMENTS AND EMULSIONS. It imparts waxy, pro- 
tective hydrophobic films; is oil soluble and compatible 
with O/W emulsions, soaps and shampoos. Clinical in- 
vestigations indicate that MODULAN IS HYPO- 
ALLERGENIC.” + US PAT NO 2,725,334 


"References, technical data and suggested formulations 
are available from our research laboratories. 
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Veegum is a unique suspending, emulsifying and binding agent 
developed to enhance the physical qualities of your liquids, 
lotions, pastes, and tablets. /norganic, Veegum suspends at lower 
viscosities than ordinary gums — thixotropic, it gives added 
long-term stability — thickening slightly with heat, it maintains 
product consistency at above-normal storage temperatures. 


Aqueous dispersions of nontoxic, white Veegum are compatible 
with most oils, fats, waxes, and solvents over a wide range of pH. 
Try Veégum in your own laboratory. You will find it a versa- 
tile, high-quality physical conditioner for all your pharmaceuticals. 


Q e. T. VANDERBILT CO. 


SPECIALTIES DEPARTMENT 
230 PARK AVENUE NEW YORK 17, N. Y. 
Please send [) Veegum Bulletin B53  ([ Sample of Veegum 
(C1 Information on using Veegum for: 
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